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THE FAITH OF REVERENT SCIENCE 


By the Late WILLIAM MORRIS DAVIS 


TIME OF HI 


S DEATH EMERITUS PROFI 


SSOR OF PHYSICA 


HARVARD UNIVERSITY 


Part | 
The object of this address is, 
direct attention to the enormous 
f science in liberating our minds 
their century-long subjection to 
dogmas, thus enabling us freely 
y the modern understanding of 
rid and of our place in it; and 
to consider certain responsibili- 
are placed upon us in conse- 
of our lberation. With this 
‘t the contents of the address are as 
ws: It will begin with an introduc- 
statement concerning two great 
luets of the human 
science. Then will 
‘ospects, the first of which will recall 
e harmonious relation existing between 


mind—religion 
follow several 


primitive religion and primitive science 
ng primitive peoples; the second will 


uch upon the unhappy conflict which 


struggling and 


y 
amt 


rose between science 
eologically dominated religion in the 
centuries of European history; 
after a brief interlude, the third 
will tell of the victory of 
science over various theological elements 
f our religion in a recent era which 
1 The second Hector Maiben lecture presented 
ut the meetings of the American Association for 
the Advancement of Science at Cambridge, 
Massachusetts, on December 28. Professor 
Davis died on February 5 in his eighty-fourth 
An appreciation by Professor John P. 
Buwalda, with a portrait, was printed in THE 
SCIENTIFIC MONTHLY for April. 


iter 


trospect 


year. 


has so 

period 

present. 

riven of 

tudes of 

come more 

onciliation 

advancing. 

reflections on our 

consequence of that reconciliation, 

also a prognostication of the manner 

which our new responsibilities can best 

be met, this being the main theme of my 

address. 
Introduct 


products of the 


mr 41 
VW { nea 


mind 


wi. 
are 


human 


various systems of faith known as re 
ligions and the various bodies of know!l- 
edge known as Both have 
slowly evolved from ancient and simple 
beginnings to their present complica- 
tions; and the evolution of both appears 


to have been largely guided by outstand- 


sciences, 


ing leaders who have arisen from time to 
time in the two lines of thought. Re- 
ligion is believed to have becun as a form 


0995 
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used 
‘*powers’’ to act 


*T Later, when 
ied as deitie 
led by incantations but 


ravers and sSacrinces to act 


’ t ry ¢ 
In LS simp I 


vas iargeiy concerned 


if humanity to the gods; 


] “eras 4 
advanced stages 1t comes to 


with the rel 


»> much concerned also 


I anotner. 


of human beings to one 


division of religion int 


we have the 


two parts, theology and ethics. Science 
itive 


fol- 


but, as 


must have begun among prim 


peoples as simple 


observation, soon 


‘ | ’ ati . 
ntary induction; 


lowed by elemen 
we now know it, science involves mental! 


elaborate for primitive 


ion, it must have had 


IP IONS 


present re 


l@h their aevotees 


f 4 } 
faith Wi 
] 


been made k1 


part by inspiration or revelation 


+] . “a+ . | * »] : . ‘ . 
the Ssupernatura world. peclences are, 


on the other hand, bodies of demon- 


strable knowledge regarding the natural 


world, as far as it is open to observation 


and to inference based on observation. 
Both these lines of thought have come to 
be largely under the direction of two 


groups ol spt cialists; the priesthoods ol 


the 
the universities ; 


by learned men among the 


churches and the professorhoods of 


but the priesthoods are 
supplemented 
the 


laity, and professorhoods are reen- 


forced by many skilled experts in the 


arts and the industries. 
farther, let me 


the 


Before going repeat a 
**human.’’ 
faith 


knowledge 


significant word word 
[ have said the systems of religious 
the 
both the 
That rejects supernatural revela- 


various 


and bodies of scientific 


products of the human 


are 
mind. 
tion on 


which the followers of 


MONTHLY 


and modern, including Christ 
we 


origin. 


the sciences, wl 
The 


be presented in the 


ik all 
ike all 


rrounds 


reconciliation of ¢ 
science. 

First Retrospect 
is brief. It 


tion between the ernude 


recaus 


rude religion of prin 
scientific explanation 


nomena is there attempt 


wrong, 


largely because it 
given a supernatural nat 
ple, dwellers 1 
ascribe the rains of t 
to the adiabatic cooling 
eurrents, but to thei 
they therefore 

rain is wanted. 

eharge of such supernatural 
they develop them in ace 
their rel ’ 
between their science and 


rest of imious syst 

is thus avoided. 
Necond Re trospect. Our s 

spect deals summarily wit! 

European centuri 

first one and 

charge f its own 


each in 


us rememb 


’ 


Christianity. Let 
I 


then taught, Christianity 


cerned with the simple ethical 


was 
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easily underst 


l to an uneducated a 
stianitvy of the Middle Ages and 


xt following centuries was iar: 


some 


neta 
iphysical disput 


uncils were held at times of ¥ 
>] 


es within the church; 
» instance about a matter so rec 
as the difference expressed, as 
ybon puts it. by the vowel of homo- 
and the diphthong of homoi- humanity, 
n. Dp ssible it 
is truly singular that a great re- 
m should be, no ily then but al- 
st to this present day, so largely con- ltovether 
erned with the theology of complicated, Spec 
jority-vote creeds rather than with arran: 
simple ethies of its founder; but such Greek 
early the case.” The explanation of which 
s singularity is clear also; it is the positi 
ult of ecclasiastical organization; and system, as r 
has been through such organization more or le: 
the peoples of Europe and of Euro- _rances, trie 
an stock have been so long held sub- tion to 
to a theologically dominated re- knowledge 
gion. And here let me state a very finality 
‘urious feature of that subjection. By on this, as 
ason of a strange concatenation of Hence the ( per) 
‘ient events, the theological doctrines demned ‘ hers 
ich have so long dominated European 
‘hristianity are the outgrowth of a 
es of crude, superstitious beliefs ej Even 
+h originated several thousand years <‘‘The fool’? 
» among the barbarous, ignorant, reverse ¢] 
edulous peoples of southwestern Asia; byt sacred 
body of beliefs which was recorded, in epgmmanded 
form commonly known to us, by a 
ple who believed themselves ‘‘chosen’’ 
their god from among all other 
2Edwin Hatch, ‘‘The Influence of Greek 
eas and Usages upon the Christian Church’’ 
The Hibbert Lectures, 1888). Ed. by A. M. ° 
‘airbairn, London and Edinburgh, Williams 1” the unlikeness 
nd N irgate, 1890. adopting them 


arose 


ence of the two syst 





398 THE SCIENTIFIC MONTHLY 


the minds which accepted those reasons. can friar, Roger Bacon, wishe 
From the theological point of view, the crease his knowledge by experim: 


t tript 


relation of earth and sun was not to be’ instead of by deducing all tru 
studied; it was infallibly known and _ sacred texts, he wa: 
revelation. From a scientific ground that ‘‘he did not 
iew that relation was, like any philosophy had become 
oblem, open to unprejudiced that nothing more was t 
on. The scientific mind would be He was forbidden by the ‘‘gei 
‘ 


inclined to say that, if the revealed rela- his order to lecture at Oxi 


i 
‘ 


tion of earth and sun were true, it could’ brilliant studies of the refrac 


ii ' 


only be confirmed by unprejudiced in- light in the production of rainbov 


vestigation, while if it were not true it condemned because the rainh 
would be thereby corrected. But the theologically believed not to be 
theological mind refused to take the risk of natural laws but a ‘‘sign’’ su; 
of alternative conclusions, and it there- urally placed in the heavens t 
fore opposed all such investigation. mankind that another universal 
Thus the right of the human mind to was not to be feared. And in his 
think was infringed upon, its practise in Bacon was imprisoned for 
thinking was lessened, and its progress years because he was ‘‘dang 
in the difficult art of learning how to How glorious is our mental 
think correctly was retarded. In our compared to the enslavement 
freedom to-day, when investigation is earlier times! When we realize t 
aided and encouraged in every direction, struggle that our freedom cost our 
we can hardly imagine how persistently cessors, should we not strive 
it was hampered and opposed in earlier worthily? 
centuries. Experimentation in physics Let me close this retrospect 
and chemistry was frowned upon if not knowledging my deep indebted 
suppressed. Philological study was re- _White’s two masterly volumes o1 
tarded by the belief that Hebrew, as Warfare of Science and The 
spoken by Adam and Eve, as well as by Christendom,’’ from which the 
Jehovah and the Serpent, in the Garden statements are taken, and in w) 
of Eden, was the original language of may find the following general 
mankind. The humane care and cure of sion: ‘‘The establishment of Christ 
the insane was long delayed by the theo- ... arrested the normal deve 
logical belief that insanity was due to of the physical sciences for over 
‘‘demoniacal possession.’’ Even in the hundred years’’ (vol. 1, p. 375 
nineteenth century the use of an anes- who have not read this great 
thetic in childbirth was opposed by the should do so without delay, for 
orthodox on the ground that it avoided teach them many wonderful stories 
‘‘part of the primeval curse upon example, that of John Wesley, su 
women,’’ although it was at the same man of no mean intellect, who never' 
time ingeniously defended by pointing less believed that spiders did not 
out that in preparation for ‘‘the first flies until after Adam sinned. 
surgical operation ever performed’’— Interlude. Several eventful centu: 
that of taking a rib from Adam’s side elapse between our second and 
for the creation of Eve—a ‘‘deep sleep’’ retrospects, during which the spirit 
was caused to fall upon the rib-loser. scientific rationalism gained n 
All this opposition was epitomized strength; for this was an era in w 
centuries earlier; for when the Francis- the minds of Europeans were s 
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10 longer burne 


witnessed 


nm Biblical texts 


is the ‘‘ Word of G 


] ; 
in the mind i some 


e risk of repeating 
nown to some of 


a few examples 
. ° J | 
whien were t 
that you may contrast them 
he relative freedom of to-day. 
300 years ago a famous ‘‘Confes 
Faith’’ was formulated by a 
150 learned and godly men who 


‘t of Cromwell’s 


; } 

re summoned by an a 
ng Parliament and were in close con 
tation for five years. Two articles of 


s confession may be here cited. One 


em sets forth again the old doctrin« 


riginal sin, which many a piously Had Jesus be 
ight child of earlier times than now _ testable 
irned in its condensed, r! ythmieal 
rm: “‘In Adam’s fall we sinnéd all’’ 
it which, phrased in more sententious 
rm by those godly men, is as follows: 

‘rom this original corruption’’—that 

from Adam’s sin—‘‘whereby we are 
terly indisposed, disabled and made some pagan 
pposed to all good and wholly inclined godly Chris 
all evil, do proceed all actual trans- demning it as a 


‘ 


rressions.’’ There can be no question will of a lovir 


lat this extraordinary article was au- Heaven? A 


hentically based on Scriptural texts; sion to an 
it there can also be no question that its records of 
loctrine is now so completely opposed by devoted, « 


the teachings of evolutionary ethnology themselves 
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with its imagined 
tion and salvation! 
The eonflict be- 


elements of Chris- 


retrospect 1 lirected, because si 
had by that time gained immensely in 


independence. Not 


- 
history 


lence 


strength long 


the past 


before that ; 
the earth 


° nana 
a openea, 


and the future continuity of 
had been shown to be vastly longer than 
the Bible As the Seotch geolo- 


cist, Hutton, put it: 


taugnt. 
‘*In the history of 
o trace of a beginning 
Then, 
the 
tiquity of man was shown to be much 
the few thousand years 

which the Biblical chronology allowed it 
And but little hold- 


ing his growing ideas under ‘‘study and 


the earth 


and no pr ; f an end.”’ 


shortly after e era opened, an- 


greater than 


later, Darwin, after 


meditation for nearly twenty years,”’ 


announced his revolutionary, evolution- 


ary theory, including man’s develop- 
] 


ment from some anthropoid mammal, 
and thus presented a new philosophy to 
an unwilling, a very unwilling world. 
It must not be imagined that the mak- 
ers of these great discoveries had been 
the object of unsettling 
the 


They were devout men, possessed of vig- 


working with 


religious opinions; not in least. 
intellectual 
objectively pursuing geological and bio- 


orous curiosity, who were 
logical studies simply with the wish to 
the truth, the truth 
might be. They rarely if ever precipi- 


learn whatever 
tated a conflict by attacking the theolog- 
their 
The attack was made by the 


ical beliefs which discoveries 
traversed. 
theologians, most of whom were wholly 
untrained in scientific habits of thought. 
When the above discoveries, particularly 
Darwin’s, were announced, the violence 
of the protests they aroused among the 
orthodox can hardly be credited to-day. 
Men learned in Christian theology then 


asserted, ‘‘Darwin requires us to disbe- 


MONTHLY 


the 
Creator’’ 


lieve authoritatiy 

; and again, ‘* 

theory is true, Genesis is a lie, 
Book of L 
pieces, and the revelation of God 1 
as we know it, is a delusion and 
Not twenty 


congregation that God 


the 


framework of 


vears ago, a preac! 
had made} 
look like men so that | 


be led into error! Ina w 


of the Victorian era, 
their 


blinded to the grandeur of the ey 


as well 
successors, were still 

ary scheme of the varying orga: 
as their predecessors had been 


grandeur of the Copernican se 


It is theref L 
ing to know that, some twenty-fiv 


the solar system. 


grin of Spee 


after Darwin’s ‘‘ Ori 
peared, a broader view of the w 
taken by Bishop Temple of Lon 
wrote: ‘‘It seems something mo 
tic, more befitting Him to whom 
sand years are as one day, t! 


His 


creation, 


will onee for 
and to 


countless varieties 


press 
provide 
of organic 
this one impress, than by specia 
ereation to be perpetually n 
what he had previously made.’’ 
A curious feature of the obj 
Darwinism was that, while 
the little enat of specifie e) 
unhesitatingly swallowed the hug 
of individual development. Of t 
the latter is 
more marvelous. It involves 
individual the 
differentiated ovum 
differentiated 
its parents; and during thi 
is, first, a rapid recapituls 


processes immenst 


change trom 
into an e 


adult. close 


ancestral antiquities, and 

eradual addition of certain ev 
novelties. On the other hand 
pearance of a new species inv 


the addition of a few ext 


+ 


highly significant for the 


appearing, but nothing like so wor 





, 


THE FAITH OF 


n never bul t acros 


t across he said: 


ain was safely driven over 
The finger of G 


I? ; . 
but tne engineers 


re stands and bear 


because ol the 


This story 
y devout Victorians, 
irs ago, could no 
ng so marvelously intric 
velopment of successive organic forms 


be accounted for by natural proc- 


the African chieftain they 


finger of God.’ 


ieave . 


Dar vin said: “fs believe 


of structur 
inted for, because thi 
and explains 
phenomena of 
lechildren of the ve 
no loss of devoutness, follow 
tf of Darwin rathe 
grandparents. Su 


man progress 
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repeated in order to show the younger 


generation of to-day, who are now grow- 


ignorance of such stories, how 
‘ape f many 


vee ‘Vallsm, 


It is truly difi t to believe 
} } } + 


theological dbelleIs were Persisvec 


devoted, conscientious men, who 
fore violently opposed anything so heret 
eal as Darwinism. On the other hand, 
there were also many liberalized ration- 
alists who welcomed the new discoveries 
and rejoiced in the better understanding 
of the world that they provided. But 
intermediate and very im- 
portant class of Victorians; for between 
the unyielding conservatives and the 
open-minded rationalists was a large 
number of somewhat mobile-minded yet 
still orthodox believers, who could not 
altogether reject the new discoveries, al- 
though they had a hard time accepting 
them. Many of those earnest men suf 
fered great mental distress on finding 
that certain elements of the creed which 
they had been taught as essential veri- 
ties were so inconsistent with the find- 
ings of science that they must be re- 
garded as erroneous. And-the more 
logical of them perceived, with still 
further distress, that if the Bible, which 
they had been taught was infallible from 
cover to cover, were shown to be fallible 
in one or more of its parts, the infalli- 
bility of the rest was thereby made 
questionable, to say the least. To what 
guide should they turn if the guide that 
they had so devotedly trusted proved to 
be not wholly trustworthy? Moreover, 
if they gave up the infallibility of the 
Bible, would they not thereby forfeit the 
right to call themselves Christians? 
That fear caused profound unhappiness 
to many sincere men before they found 
their new bearings. But some of them at 
least were wisely shown that if they fol- 
lowed the example of their orthodox 
predecessors in studying and interpret- 


ine Christ’s teachings 


advice they could get, and 
still experienced a joytfu ex 
the profound ethical value of 
ings and a warm desire to liv 
ance with them, they would 


rood a right to count themselvs 


his followers as any one els 
happy conviction, thousands 
sands of former conservativ 
ized by the discoveri 
living to-day. 

It is as if the mobile-mi 
believers of recent time 


the top of a lone flight 


{ whieh re 


whiel their er 
stood. Wherever 
orthodox found themselves, 
insisted they would never 
7 ? ry" : 
step downward. Then n 
finding themselves, in co} 


+ 


more or less unconscious 
eral steps lower on the longs 
again insisted they would ne 
any more. But they did, step 
and many of them are now not 
the solid ground of 
bottom of the flight. 

turn and look back at 

1ey would marvel at the ins 


eaffolding that holds it up! 


there conferred with one 
they would say: ‘‘ How few of 
hold all the beliefs that 
ardently held!’ 

Scientific Study of Religio 
the most potent causes of disco 
to orthodox theologians, not 
tioned, was actively at work al 
the last century ; namely, the a; 


of the objective, scientific met! 


alone to the study of plants ar 
not alone to the study of the 
and history of the earth and 


¢ 


tance and composition of the st 


to the study of religions. In 
their wide diversities the religi 


, 


~ 
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- less definit 
between their fo 
° of revelatior Ss 
their gods, or 


heir founder: 


the powel 


ies: but 


ey reflect much 
nment. Among the 


ent must be ine 


it 
the pe nie wi} 
Lil I ’ 


} 
} 


In an open 
mountains fr 


ain tops have 
resid 


I ences it 


tes for altars where 
s should be most fit 


he seacoast that 


; 


rshipped; it is in 


rain is worsh 
s vary with the hon 
people who | 
also with the et 
r worshippers. 
ut whatever ; 
acquires, it li ‘ss, knowing 
- of any religion but their own, nat- 
uly take it to be superior to all others; 
rods are the oreatest g¢ ds : its people 
divinely favored. This self-centered 
ef has made many an ardent young 
ristian missionary much harder- 
arted and harder-minded than he 
ild have been with respect to the be- 
efs of the heathen whom he was sent 
it to convert to what he earnestly be- 
eved was the only true faith. In con- 
rast to that self-centered belief, the 
re sympathetic belief of the student 
religions is such that he comes to see 
in every religion the striving of human- 
ity toward a fuller understanding of 
man’s place, man’s opportunity and 


s( 


[hN¢ 


9 
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How 


I Its passages are inspiring. 
grand is the solemnity of the first four 
words: ‘‘In the beginning God.’’ Even 


a rationalist must respect the devoutness 


if the nineteenth Psalm: ‘*‘The heavens 
leclare the glory of God; and the firma- 
ment showeth his handiwork.’’ Where 
in be found a finer gem of reverent 


ought, even though it hes amid much 
v 


dross, than Micah’s declaration: ‘‘For 


what does the Lord require of thee but 
to do justly, and to love mercy, and to 

alk humbly with thy God.’’ And if 
some passages in the New Testament, 


extrava- 
the 


Revelations, 


marvel at 


especially in are 


cant, who ean fail to 
words of Jesus, uttered in an age of vio- 
lence: ‘‘Love ye your enemies, and do 
rood and ye shall be children of 
the Highest; for He is kind to the un- 
Be aA) +7 there- 
merciful as Father is 


His reputed miracles in the 


thankful and the evil. 
fore your also 
merciful.’’ 
way of casting out devils are as nothing 
compared to his clear perception of the 
value of gentle goodness. 

The Recent Period of Reconciliation. 
The transition from the Victorian era to 
the present time is of particular interest 
to those of us who have lived through it, 
not only because it has witnessed an un- 
precedented advance of science, but even 
more because it has been characterized 
by an amazing reconciliation of Chris- 
tian theology with science. To be sure, 
there are still many earnest preachers 
who, like the conservative hold-fasts and 
die-hards of 80 years or more ago, can 
not give up the beliefs of their fathers. 
Instead of being the leaders of their con- 
cregations into the newer understanding 
of the world, they are vainly striving to 
hold them back in the older misunder- 
standing. because they were 
treated the 
children of the Flathead Indians are—or 
Stiff boards were 


This is 


when young very much as 


used to be—treated. 


bound to the Indian children’s heads, so 
as to flatten their skulls as their parents 
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thought 
Similarly, 
orthodox Christians hi: 


they ought to be 
the ehildren O 


ve had 


logical creeds and ecatechisms | 
their minds, so as to shape them as t 
elders devoutly thought they oug 
shaped. It is therefore most 1 
that, 
minds 


when such children grov 
remain so sl aped ; they 
reshape them if they would, es 
not if they become ministers ple 
maintain the stiff beliefs to wh 
minds were bound in their g 
years. 

It was a mind-bound conserv: 
this kind who not long ago excla 


‘*Tf I eould not believe that Joshua 


the sun stand still in the heavy 
should lose faith in the Bible 
God.’’ He had probably been ed 


in one of those sectarian colle 
which orthodox parents send th: 
to safeguard them from scientific 
It was as a teacher in such a colle 
a young Harvard graduate was 
later told me | 
instructed on his arrival there 


the institution: ‘‘ You R 


years ago, as he 


president of 


teach as you lke about minerals 


rocks, but if the students ask you $a 

the age of the earth, refer them 
Theologians would have found 
belief had the 


edueated, but they 


change of easier 
scientifically 
They have presumably st 
which they le 
how to argue out a problem ; but 


been. 
‘fapologeties,’’ in 


method of argumentation is not fre S 
is directed to the support of a , 


eP eSSC! 


determined conclusion and is 
absolutely unscientific. Th 
scientific method is that it gives e 
impartial consideration to all ¢ 
able solutions of a problem, and 
the one which pragmatically works 
after it has been tested by man 
many places through many years 
that the Ge 


} 
aiso 


it is recognized 
mind is not infallible, and theret P 
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nowever, 
aracterized 
e result 
r although the science 
‘e ancient origin, its unprejudiced 


on to scientific probl ms is diffi- 
learn, even in selentil 
t is probably never learn: 
schools was declared 
spite of all obstructions, liberation must have had a 
itworn theological creeds seems to of the situation, 1 


1 repeatedly accomplished dur- )f ministers and « 


period of reconciliation, even deciding ho\ 


¢ conservatives, by a gradual and arose and 
nsible shift of belief. The shift has made retroac 
heen caused by direct argument, bly was overcome 


has nothing whatever in common be 
e hysterical conversion to religion 


; 


Lue 


sloughed off DY 


l-fashioned camp-meetings. 


s in great part a consequence of absurdity and so 


simple process of growing up in the we not be very 


nalized atmosphere of modern’ of scientific rati 
halief 


s. The present generation has be- monstrous a belief 
e habituated to accepting the results acceptance! 
entifie discoveries. It has at the The rapid advane 
time become increasingly incredu- ing these rec 
bout miracles, which are now more comparing the 
re overlooked, neglected, forgot- ten year 


Along with the rationalizing in- individual. 


of scientific progress has been a experienced evangelical 
lessening of the antagonism ‘‘the recognition of 
. a! ’ 


WCEAaANCII 


used to prevail between religious 
and a falling-off in the number of uraculous, and 
doctrinal sermons, the kind that int 
to expound “‘hell-fire religion.”’ ings and epist 
ere has also been a marked relaxa- that would 
regarding matters of belief. One years before 

most striking instances of this 

was that by which the implied 

ation of non-elect infants was omit- 

from the confession of faith of one 

most important denominations. 

of the laity and clergy had prac- 

* ceased to believe it, and finally at 

General Assembly of the church in _ liberalization 


=; se . . 4 
Philadelphia about thirty years ago, the mature years 
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time came down many steps from near 
the top of the long flight where his ex- 
cellent father had stood, but 
yet at the bottom. However, if he lives 
a few decades longer he may, after inter- 


he is not 


preting the Bible’s teachings in a way 
that 
farther down, nearer the solid ground of 


ock himself to-day, come 


would sh 


wholly rational belief at the bottom of 
the flight. 
tionalizing process may be found among 


Many examples of this ra 
one’s friends, if not in one’s own experi 
ence. 

There is one disappointing element in 
this story. It has often been claimed 
that the marvelous progress of civiliza- 
tion in Europe has resulted from the 
adoption of the Christian religion; and 
it would be indeed gratifying to 
that the refined 
have really brought about that progress 


know 


ethics of Christianity 


But in view of the dependence of Euro- 
pean civilization largely on the advance 
of science, which did not begin until the 
the 
adoption of Christianity, and in further 


revival of learning, centuries after 
view of the persistent opposition with 
which the organized forees of Christian- 
ity so generally resisted the advance of 
science even in so beneficent a study as 
medicine, and in still further view of the 
dominance even to-day of many non- 
Christian principles of behavior among 
peoples of European stock, the claim 
that European civilization is a result of 
Christianity can be allowed only in part, 
perhaps only in small part. Modern 
European civilization is the result of 
rather than of moral 
and as such it is more closely 
associated with the mentality of Euro- 
pean than with the religion 
which they adopted nearly 2,000 years 
ago, the ethics of which they have not 
yet learned to practise. Had they done 
would be more true. It 
doubted 
ethics had much to 


mental achieve- 


ments, 


peoples 


so, the claim 
may, indeed, be 
whether Christian 


seriously 


do with the adoption of organized Chris- 
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tianity by early Europeans. 17 
an ignorant, superstitious, 
warlike and cruel people, and 
well believed that they made pr 
of Christianity less in order to 
during their 
principles 


eartn, 


lives on 
ethical preache l 
Founder, 
through a vicarious atonem: 


han to secure f 

natural sinfulness a blissful 

in heaven promised by prop 

theologians, and thus to esecap: 

ened eternity of torture ii 

hell. cs 
Human Origin of All Re 

was said at the beginning of 1 

that all religions, like all scie 

be regarded as the natural pl 

the human mind. 

rrounds for that 

in this part of the address. The 

First, as to Chr 


It was added 
belief would 
are these. 
Many theological elements 
ligion, based on Scriptural té 
been shown by scientifie res 


erroneous; they can there! 

longer taken as infallible reve snou 
they are only humanly inventé .“ 
accepted by the ancient Asia 
who recorded them. But var 

elements of our religion are st " 
conservatives to be of sup . . 
origin. They are so held on the se , 
of other Scriptural texts; oe 
other texts, being of essential]; ull t 
nature as those formerly held t 
strate the supernatural origin 

abandoned beliefs, can no lor a 
taken as competent witnesses to 1 —_ 
of the remaining supernatura sige? 
Hence these remaining beliefs s 7@ 


also be interpreted as humanly | 
The upshot of this is that, w 


Bible unquestionably gives us bs 
valuable record of the beliefs — 
cient people, the competence of its _ 
as witnesses for the supernat ~ . 
invalidated. The same argument ndee 


ene 
ned 


plies to all other religions, but w 





ve 
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not come 


ess because they have 


nflict with science so much as 


anity has. 


larv of this conclusion is that 


epts of our religion should be 


not on authority but on merit. 


uld be judged, just as we Judge 


1 


ecepts of other religions, by their 


ir moral sense. 


1] 


ynnclusion let us recall 


‘aditional beliefs which, 


passed 


is from an ignorant and credu- 
yple, were for centuries held to 


.. . 
essentlal 


elements of the theological 


recall the proposed 


our religion : 


‘ement of those beliefs by the find- 


f science, won from nature by 
tient, truth-loving research ; recall the 
ement protests conscientiously made 
iinst such replacements because they 
ntradicted the ‘‘ Word of God’’ 

y the gradual fading away of the 
tests and the acceptance of the pro- 
What a 


nblance there is in all these stories; 


: recall 


<1 replacements. striking 
same sequence over and over again. 
Should we not learn from so uniform a 
petition of the same experience that 
» Bible is, as just said, not a competent 
tness to the occurrence of supernatu- 
| events in human history, and that it 
uuld be studied as other human rec- 
rds are studied ? 
But let another matter be 
\ll the discarded elements of Christian- 


recalled. 


y thus far noted are of a theological, 
‘t of an ethical nature. The ethical 
‘lements of Christianity have not been 
listurbed ; they have not been discarded, 
even by those who believe in the human- 
ty of their great preacher. Nor has the 
value of the ethical elements been less- 
ened in the least by the abandonment of 
the theological elements. The great 
principle, ‘‘Whatsoever ye would that 
men should do unto you, even so do ye 
also unto them,”’ is still as valid as ever. 
Indeed, its validity has been strength- 
ened by the comparative study of the 
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they 
regarded as 
quite as much si 
or of chemi sai e@ 
It is, of cours 
many persons 
traditional views } 
continue to believe t 
other religions may 
tian religion is 
natural revelatior 
resemble the Afr 
lieved that the 
otherwise incredible strengt! 
To them should be 


bezi bridge. 


story of George Fox, founder of 


erism, and William 


George, meetin: ‘illiiam not long 
his conversion, al ** William, 
thou art still wearing 
‘Yes,’’ said William, ‘‘i 

ag ‘*Wear l 


re plied (,eore’s 


wear 
canst,”’ 
time they met, Wi 
The 


who still devoutly 


moral of this 
sional interruption 
by supernatural pr 
tinue to hold that belief as long as it is 
helpful to them. Only 
to be helpful should it be set aside. But 
that such beliefs have repeatedly ceased 


when it 


Cease@S 


to be helpful is shown by the vast num- 
ber of modern William Penns who have 
rationally given up wearing their theo- 
logical swords in the last 
fifty or thirty years. 

The change of mental habit thus indi- 
eated has been astonishingly rapid ; more 


seventy or 
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rapid, indeed, than corresponding 
changes have been made in the creeds 
of rationalized church members. In- 
deed, many churchmen have been led by 
orthodox preaching to think that theo- 
logical beliefs constitute so essential a 
part of Christianity that, when they 
found those beliefs no longer tenable, 
they thought they no longer had any 
religion. This is creatly to be regretted, 
for the majority of those men really still 
hold the essentials of Christian ethies in 
their hearts as their ideal. 

Before turning to my next topic, let 
me point out one feature of the growing 
reconciliation of Christian theology with 
science that is of especial significance. 
The reconciliation is not a compromise, 
in which each side has yielded some- 
thing. It has been brought about wholly 
by the modification of theological views 
so as to bring them into accord with 
scientific views. Not a single one of the 
various scientific discoveries which, at 
the time of their announcement, proved 
to be so disconcerting to the orthodox, 
has been reversed. On the contrary, the 
estimates of the earth’s age and of the 
antiquity of man are now greater than 
when they were first calculated ; and the 
evidence in favor of organie evolution is 
immensely stronger than it was in Dar- 
win’s time. True, there was a flurry 
some twenty years ago, when an emi- 
nent English biologist, Bateson, declared 
Darwin- 


sé 


in an address at Toronto that 
ism is dead,’’ or words to that effect. 
The half-informed public misunderstood 
him to mean that evolution is dead. He 
meant nothing of the sort, for he was a 
pronounced evolutionist! What he 
meant was that the process of natural 
selection, which Darwin had thought 
was the mainspring of evolution, was 
in his opinion inadequate, and that evo- 
lution had been brought about in some 
other way. 


Part II 
Clearing the Ground. Before taking 
up the ‘‘Faith of Reverent Science,’’ to 


which the foregoing pages may 

a preface, let a word of warning 
troduced. Thus far much has | 
of various outworn theologica 
which have been displaced by 
beliefs. Perhaps that has given 
pression that the object of my 
destructive. Not so! The obj 
address is constructive, in that 
creat value on the sounder beliefs 
have replaced the outworn beli 
ease is like that of our pion 
fathers, who had to clear away 
ests before they could plant t! 
ductive crops. Similarly, scie 
had to clear away old errors b 
could implant new truths; but 
wholesome, constructive process. 
however, because of the abandon: 
the outworn beliefs by scientific rat 
ists that the orthodox have so of 
them the derogatory name of u 
ers, although the rationalists f 
selves to be just as ardent believ: 
the faith that they maintained 
orthodox were of theirs. 

What, then, are the beliefs of s 
rationalists? No one can say di 
what they are, because rationalists 
not organized themselves into a 1 
body and therefore have not as 
formulated a creed. No one is 
ized to speak for them; they a1 
vidualists; like St. Paul, each o1 
his own gospel (II Tim. 2: 8). 1 
in one respect, unfortunate, bé 
standing alone, they lose the 2 
vantage of concerted action; but 
other hand, they conserve a fre 
thought, which organization is 
limit. They might, however, 
neighborhood churches, where eac! 
ber would be ‘‘free to follow trut 
sees it to its uttermost bounds,’’ 
the same time ‘‘enjoy religious 
ship with others and work toget 


} 


the common good.’’ 
But besides being unorganized 
are, among scientific rationali 


f 


among other groups of our popu! 
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sons of unlike temperament: some of 


m take religious matters lightly, in- 
ntively; others of them take such 
rs seriously and reverently. It is 
the latter sub-group, whose faith 
therefore be called the faith of rev- 
science, that we are here con- 
ed. It is highly significant that, as 
-as I ean judge from a considerable 
laintance among them, they hold 
ny of the essential principles of Chris- 
in ethics. Those principles are, as 
ady told, fortified by scientific re- 
search, not only because they harmoniz 
th the great modern truths which have 
supplanted Biblical myths, but also be- 
se so many of them are represented 
ther great religions, also of human 
vin like ours. 
The Faith of Reverent Science. The 
articles of the faith of reverent 
science, thus understood, may be sum 
rized as follows. 

1) Reverent science devoutly re- 
‘ains from assuming to know the 
ture, the thoughts, the acts of a Su- 

preme Being by imputing even the best 
human acts and thoughts and nature 
him. It stands humbly silent before 
» ever-expanding mystery of the uni 
erse. In the sincere agnosticism of pro- 
ind ignorance regarding the super 
itural, no satisfaction is found in the 
mitations of a Supreme Being which 

nvariably accompany the attempt to 
‘fine him. Let no one make the blunder 
‘confusing this agnostie attitude with 
theism: inability to form an estimate of 
quantity is no ground for saying its 
measure is zero. Recognition of our 
gnorance regarding supernatural mat- 
ters goes with the growth of our knowl- 
lige regarding natural matters. It was 
appropriate enough in Noah’s time. 
when little was known of the world, that 

legend should describe a creator who 
repented of his creation. Somewhat 
later, Moses still knew so little of the 


world around him that he did not hesi- 
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human rms, eve 
celving m as be 
wrathiul threats 
Krom then 
cepts has ee! 
becoming more 1 
aithnough o1 
cluded a maie I 
conflict WIT! 
humanly incone 
manence Came 
by metaphysical tl 
quality must be ter 
to metaphysicians I 
is found to extend, 
one of its din 
light-years. It is 
various unsatis t 
the reverent s 
silence 

But by 1 n 
silent agnostics iz 
our leading pnoys 
have said: ‘‘It is 1 
man has discovers 
God's g1 pur] 
but it is m 
was made \) é 
of si lence S 
yrdet but w 
he place tha 
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medical science came to their relief, 
countless devoted young 


innocent and 

mothers have had, through no fault of 
their own, to endure the agony of seeing 
their little they had no 
power to cure, strangled to death before 
The mystery 


ones, whom 
their eyes by diphtheria. 
of such a world is too profound for our 
solution. The easy invention of a devil 
gives no acceptable aid in understanding 
it. Hence in no spirit of irreverence 
but only in the sincere humility of ac- 
knowledged ignorance does the agnostic 
] 
l 


refrain from making assertions regar¢ 
ing a Creator. 
(2) Reverent science has a secure 
faith in the persistence of the order of 
nature through time and space, because 
such persistence has repeatedly been 
shown to be in the highest degree proba- 
ble; but it is not absolutely proved; 
science has no means of reaching abso- 
lute proof in matters of such magnitude. 
Yet in this faith, certain re- 


ported events, known as miracles, which 


view of 
interrupt the order of nature, are dis- 
credited 
evidence 
ever taken place. 
firmed by the historical fact that alleged 


there is sufficient 


that 
Such disbelief is con- 


because no 


fortheoming they have 


miracles are usually reported from igno- 
rant and uncritical communities. With 
the miracles, 


legions of elves, gnomes, imps, witches, 


vanishing of belief in 


demons, devils, fairies, spirits and angels 
have also vanished from among us. 

It is not alone among rationalists that 
miracles are disbelieved to-day. Many 
of our orthodox churches now discredit 
certain Biblical miracles which, a gen- 
eration were literally believed. 
Consider, for example, the miracle per- 
formed by Christ in calling forth devils 
from a demoniac, and at their entreaty 
giving them leave to enter a herd of 
Is there to-day any one who 


avo, 


swine. 


believes that the demoniac was possessed 
by actual devils; or that when they came 
forth from him they orally besought 
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Christ to let them go into the sy 
that, on being given leave, they ; 
entered the swine? Does not ev 

now take the central episode of 

to be an example of more or less 
healing, and then interpr 
elements ] 


notice 


as iegven 


miraculous 
tachments demanded by the an 
lief that were 


possessit yn by 


diseases 
the 
introduced as the best means of 


certain 
devils; swin 
ing of the devils when they can 
from the And 
interpreted where is the miracl 
The orderly wonders of science 


demoniac.* whel 


have been taken for miracles by 
of ancient and 
still are by modern savages. SS 


medieval times, as 
them may well seem miraculous, 
intelligent moderns. Consider, 
ample, the computation of a 
orbit, worked out by Gauss 
basis of Newton’s laws. A new 
ordinarily, when first seen, only 
and faint nebulous wisp, with né 
head nor tail. Its distance fron 
its direction and velocity of m 
unknown ; yet if three observations 


as 


apparent position among the st 
made at intervals of about a w 
is seen from our 
earth, it is then possible to cale 
only its distance from us and thi 


revolving, I 


tion and velocity of its motion 

times of observations, but 
where it will 
and how it will be moving at any 

date for a considerable period of 
in the future. This suffices to sh 

enormous is the range of human n 
ity, a conclusion that should not | 
gotten when we are tempted to r 
the announcement of new ethical 


those 


+ 


be seen among the 





+4 


ciples as necessarily indicative of su 


human powers. 


(3) Reverent science believes 


various communities or tribes or pe 


4 The long-continued opposition of the 


to medical science is broadly treated in W! 


‘Warfare. ...’’ II, Ch. xii. 
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lually formulated no ! 
. | 
vical beliefs b so s 
ivior, or codes of morals, 01 
f et S as seemed 
S li the sucecesslve Sst 
rparism, Cl\v 1 na ¢ 
It is therefore con led 
otnel codes. the ( rist ] 


rt for this co yn is that 
so-called revelations of the 
! t seem be. nd man’s ow! ils 
so, that the esse q 
Biblical re ) 
religions 
e hn } 4 
rems ¢ ~ ~ \ ~ 
Ss is Ss ‘ riy , 
und | Ss 
| \ ) muiated the! 
reget in this connection that 
k far enou ng, stealing 
ng ave not ilwavs peen 
such acis W é etively 
c n rf ou mi-brutal ances 
l did not becor rong 
er thousands and thousands I 
s of experience, they were first con 
moral leaders, and later con 
i DY the local public Simuariy, 
ts which we consider right maj 
time condemned by our improved 


lants. It is truly difficult to be 
that ‘‘right,’’ as we know it, is 
i matter of objective reality but only 
subjective human opinion, subject to 


nge as humanity advances. Many 


rsons may refuse to believe that acts 

we hold to be wrong were ever 

ight; yet such acts had, in their time, 
st the same claim to be right as our 


er and more merciful acts have to- 
iV; namely, the veneral approval of 
their 


creat 


elr communities as guided by 
ers: for example, Moses, the 
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bility of turning the course of events, 
which are beyond one’s own control, into 
a desired direction either by the sacrifice 
of animals or by the prayer of humans. 
A waning belief in the efficacy of prayer 
is one of the most marked effects of the 
waxing influence of rationalism. It goes 
with a fuller realization of the persis- 
tence of the order of nature. More than 
any other phase of rationalism it varies 
with personal temperament. Many per- 
sons no longer pray for rain during a 
drought, because they have come to un- 
derstand that rainfall results from 
natural movements of the atmosphere; 
but the same persons may pray for the 
recovery of a friend from illness, per- 
haps because of a feeling that human 
affairs are less physical, more spiritual 
than atmospheric movements. Yet 
science has shown that human illnesses 
involve conditions and processes that are 
quite as natural as those which control 
rainfall, even though organic instead of 
inorganic. But what shall be said of a 
hospital which announces on advertising 
eards in London buses that it is sup- 
ported wholly by prayer? If it be so 
supported, why should such an an- 
nouncement be posted? 

(5) Reverent science accepts, without 
asking that it shall be revealed to us, 
whatever fate is in store after death, be 
it immortality or annihilation, in the 
complete trust that it is a fate fitting 
the part we have to play in the unfath- 
omable mystery of existence. It leaves 
aside all transcendental questions about 
the imagined regions of heaven and hell, 
and it rejects absolutely the monstrous 
doctrine that most of mankind have long 
been and still are condemned to horrible 


torment after death; also the specious 
doctrine that salvation from such a fate 
has been and is still granted to but a 
small minority of mankind, and to them 
only through vicarious atonement for sin 
they never committed, the original sin 


of a fictitious Adam. The 
hovah visited, according to M 
sins of the fathers upon th: 
unto the third and fourth genera: 
but Christ’s merciful Father in 
has been made by some would-| 
tians unforgiving to the e¢! 
countless generations of those t 
had opportunity of hearing 
The persistence of this doctrin 
nation into our times must 
injury to Christianity in the 
intelligent ‘‘heathens.’’ 

Let me draw special attent 
first two lines of this article: ‘‘R 
science accepts, without aski: 
shall be revealed unto us, w 
is in store after death.’’ T 
ance of ignorance of the w 
characteristic of an honest se 
tude with regard to an uns 
lem. <A suspended judgment 
tained, which refuses to settle d 
an unwarranted solution. T! 
is distasteful to the scient 
trained; they do not wish 
judgment; they wish to adopt s 
ferred solution instead of r 
agnostic in the absence of a de 
solution. It sometimes seems 
only persons of untrained n 
also certain highly trained p! 
and metaphysicians were like 
willing to suspend their judg 
after discussing problems that 
beyond solution by scientific 1 
they appear to settle down 
another solution of such prob! 
choice being guided more by su 
preference than by objective 

6) Reverent science is n 
eerned with making our life on 
good, as unselfish and as lh 
others as possible, not in ord 
ceive posthumous reward for 
nor in fear of posthumous punis 
for not doing so, but in the co! 
belief, based on long human ex} 
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» conducted—a simple, 
diy, helpful life—man finds his high- 


t and deepest satisfactions and his few- 


in a life s 


+ recrets; a convinced belief that doing 


1 in a sincere and unselfish spirit is 
n’s best means of maintaining the 
eress of the past and of contributing 
the progress of the future; a con- 
vineed belief that in so conducting his 
: he is playing the best part accessible 
him: and that while so conducting it 
. will find his truest happiness in his 
me, with his neighbors, among his 
intrymen and over the whole world. 
Summary. The foregoing articles of 
th suffice to show that no one who 
is them should be ealled an unbe- 
ver; for they represent the essence of 
Christianity, after many mythical, mi- 
‘ulous and theological elements have 
n withdrawn from it. Alas, that it is 
so much easier to state these articles 
an to practise them! Alas and alas, 
t even while earnestly believing them 
may fail and fail again to live up 
them. Without making that confes- 
sion I should not be willing to write 
se pages. 
One of the large merits of such a faith 
as that above outlined is that it may 
sily keep pace with the growing 
iowledge of the world. No one who 
ids it would be content to use, as his 
guide, a creed formulated centuries ago 
by majority votes of credulous and dis- 
itatious theologians and based on texts 
several centuries older, or a body of 
documents of doubtful authenticity 
ler still by many more centuries. Yet 
certain well-organized religious denomi- 
nations still profess to be guided by 
such ereeds and texts and documents. 
In such profession we find an unfor- 
tunate consequence of the very rapid 
reconciliation of theology and science, 


because the change of religious thought 
involved in the reconciliation has taken 
piace so fast that the change of formal 
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expressions of 


kept pace wit! 
denominations, 


solemnly promised to 
solemnly pron 
which they 1 
no efficient sti | 
It may, perha; 
ciliation of Chris 
Remember, therefor 
the reeconcilia 
rapidly growing and 


quarters already 


sé » 4 : 
Re-thinking 
many-denominational 
They unanimously agree 
whose first | 


religion which 


mechanisms 


sciousness of the 


separable and co 
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sive occupation with theological doctrine 


has kept such churches out of touch wit 


iS tl t and intellectual pr 
ms n tne world around m 
Cn es Ss Ss app il pa 
certain type of mind Students in the 
main leave them coldly alone and are apt 


to be turned against Christianity if 
is the only kind of Christianity which 
they know. It seems to them too often 
words and 


phrases, dealing with the iSsues of a 


ion of the world and 


the remaking of the present social 


Strong support is thus given to the 
above-stated faith of reverent science, 
but its various omissions may make it 
unsatisfying to many devout Christians 
who, although now standing much lower 
down on the long flight of theological 
steps than their grandfathers did, have 
not yet descended to the foot of the 
flight. They surely have the same right 
to adopt and maintain their beliefs as 
we have to form and maintain ours. As 
long as their beliefs help them to lead 


good and happy lives, let them be held 


fast: for in addition to the above-recited 
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truth: they may feel aitere 
the religion they profess i! 
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who are trained to take truth 
ity will not change t r 
evidence which had previous 
them of tl! r pol y ns veri 
eonvinee them. Dissent from 


that all religions are of hun 
will of course be expressed | 
servatives of to-day, just 

fathers two generations ago e: 
dissent from the view that all p! 
animals are examples of the nat 
lution of organic forms. The 


? 


day conservatives will urge 
their own religion is based 
natural revelation; and the sa 
would be made by the cons 
other races, if the question e' 
among them. The present cons 
belief in the supernatural reve 


various religions is therefore a 


to the orthodox belief of our gra! 


ers in the supernatural creatior 


ranie species. But this latter | 
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given up by many intelligent per 
ae e era of reconciliation. Hence 
in supernatural revelations as_ rat 
isis of religions may also be increas mal 
given up as time passes. It cer- species 
seems to be losing ground at ligious 
esent. What will our grandchiidrer sup 
about it? come 
We may here profitably quote aga 
was said hits years ago by B shop ‘ome 
of London, regarding Darwi ral inst 
He eame to think that it was mort rganic sj 
ng for a Supreme Creator ‘‘to im How inst 
ss His will once for all on His crea eould obtain s 
and to provide for all the countless — the rat 
ties lof organic forms by this one measure 1 rit sf ired 11 a 
ress, than by special acts of creation — ber of churches of various denot 
perpetually modifying what he had would cooperate, first, in pre] 
viously made.’’ This view of organic tionnaires on a vari art S 
ition may be rephrased so as t Christian belief, and nd, in ask 
pply it to religious evolution, as fol their members t licate t 
s: “It is more consistent with the of those articles veplies would pi 


modern understanding of the universe bly be of four kinds: Some chur 
suppose that moral progress is in bers might not have definite beliefs 
erent in human nature, and that all them remain 
s progress is therefore the result of Others might have definite belief 
ntinuous natural evolution, than to be disinclined to express ther 
scribe it to supernatural revelations, remain silent. But the rest 
se of later date modifying those of bly a good majority, would 
er date.’’ Thus rationally inter- willing to express their views. | 
d, a new faith would arise when a_ a census were ta every f{ 01 
phet makes an acceptable modifica- years for a century, we sl 
of an earlier faith. The new faith to measure fairly well the 
ild first appear in some limited area  ligious opinion in 
the earlier faith; once established could then learns 
ere, it would spread as far as it could at which descent is made ft r 
to larger and larger areas; but as it flight t st 


preads, new modifications, which we which our grandfathers st 


y 


know as sects, would branch off from it; thing also of the number 

and they in turn would spread as faras_ |! 

they could. The faith of reverent sci- bottom of the f t, W 

ence is one such. hold the faith of reverent scie1 
The spread of new species of plants value which such census 

and animals from the areas in which in the future may be esi 

they arise is controlled largely by geo- value we should att: 

graphical and climatic factors; the if they had been taken du 

spread of new religious faiths—that is, hundred years 


‘ 


of new species of belief—appears to be Another reflection concerns the 1 
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that will be placed by future historians 
on the enormous change of religious be- 
liefs which has been brought about by 
scientific study during and since the 
Victorian era. They will look back on 
this period as one in which many have 
liberated themselves from the centuries- 
long enslavement to the crude myths of 
an ancient and ignorant Asiatic people. 
The historians will see, as we also may 
see, in the long period during which the 
enslavement lasted, a measure of the 
astounding eredulity of the human mind 
and of its incapacity to think out its 
problems by a scientific 
method. They will see, as we indeed 
may see already, that confidence of be- 
lief and certainty of conviction do not 
suffice to prove the objective truth of 
the opinions so earnestly held. The his- 
torians will moreover recall the 
satisfied assurance with which the fath- 
ers of the church, while grossly ignorant 
of the natural world around them, be- 
lieved they could solve the profoundest 
mysteries of the supernatural world, and 
they will contrast that assurance, as we 
may too, with the increasing mistrust 
which we moderns feel concerning the 
supernatural solutions reached by the 
fathers, in spite of our amazing increase 
of natural knowledge. 

Those future historians will say our 
liberation from that centuries-long en- 
slavement was tantamount to a declara- 
tion of independence, of as great moment 
in the spiritual world as the declaration 
of independence, which we Americans 
made in 1776 was in the political world. 
But the two declarations are unlike, in 
that the earlier one was definite in form, 
place and date, while the later one is in- 
definite in those dimensions. We can 


reasonable, 


self- 


not, therefore, celebrate it by parades 
and orations and fireworks on a certain 
date every year, but it is nevertheless 
worthy of celebration, and I wish to out- 
line a method of celebrating that spiri- 


tual declaration in a manner b 
its importance. This is the progn 
tion mentioned in my introductior 
Prognostication. Our declarat 
spiritual independence can be best 
brated by a long festival of cooper 
between the organized forces of ré 
and science—the priesthood and 
fessorhood—directed to the object 
the priesthood has always, but th 
fessorhood has not always held in \ 
namely, the betterment of 
and the festival must be continued 
the future at least as long as the pe: 
of antagonism which so _ unha} 
divided the two forces in the past. | 
may be ushered in during an era 


humat 


brotherly love, vastly more truly Chris 


tian than the unhappy medieval 
from which we have escaped, and t 
fore an era of enormous importan 
human history; for the festival of 
operation should enlist all those mem! 
of the priesthood who, recognizing 
victory of modern science over ar 
theology, desire to replace a good s! 
of their study of theological apologet 
by a scientific study of the nature 
modern man and of the methods 
which he can be ethically moved; ar 
it should enlist also all those mem! 


of the professorhood, who, still preser 
ing their scientific methods but impell 
by the faith of reverent science, wish t 
humanit 


turn their studies toward 
rather than to the further investigat! 
of the non-human universe. 

Let the attack on all those vast n 
human problems be of course continu 
by such members of the professorh 


as are not attracted to human problems 
let the attack go on until all the islar 


universes 300,000,000 light-years or m 
distant shall have been discovered 

catalogued ; let it go on until the alm 
infinitely minute electrons have been 
solved, if they are composite, into t! 
infinitely more minute constituents 


. 


y 


rms 
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Similarly, let all the 


have been. 
nservative members of the priest- 


ho do not accept the results of 
continue their efforts 


science, 
human betterment by orthodox 
But it 
; festival of cooperation, as it is en- 


ical means. will be from 


into by more and more priestly 


ofessorial members, that we shall 
the greatest progress in bettering 


anity. Largely by such cooperation 
appropriate scientific methods be 
1. more than ever before, to the 
iy task on which a theologically 


nated religion has labored so long; 
on that heavy task, if we may judge 
y the unscrupulous greed of our grow- 
¢ criminal class, and by the cheap com- 


weency with which a still larger class 


seems to look upon the successes of the 
eriminals, the long lasting labor has not 


How 


any 


. expended with great success. 
to 
nger, instead of taking a more active 
part with religion in directing its best 
efforts to the accomplishment of that 
A reproach has 
wen directed against Nero because he 
What 
| our descendants say of us of the pro- 
fessorhood who, assured of our salaries 
r our pensions, continue to work upon 
ir recondite, problems, 


science dare stand aside 


rreatest of all tasks? 


' 


iddled while Rome was burning. 


non-human 


while our neighbors suffer and our 
tion is criminally demoralized. 
[ am not unmindful of the efforts 


lready made for betterment, nor would 
| overlook whatever measure of success 
ose efforts have reached. In particular 
would I reeall the historic fact that, even 
luring the era of antagonism between 
heology and science, efforts for human 
betterment were made more largely by 
the priesthood than by the professor- 
od. Those efforts were, to be sure, 
guided by what we now consider mis- 
taken beliefs, and they were too often 
directed by a wish to secure a verbal 
fession of faith rather than an actual 


nr 
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performance > = | works; 

had the high merit of being closely ass 
ciated, all thro the Christian e1 
with correction of error, relief from dis 
tress and consolatio1 n afflict n, ast 
are still. But as far as e rts 
priesthood toward ethical betterment ar 
‘oneerned, t] ey have been, aS a rult 
narrowly limited to precept and exhor 
tation, without a sufficient us 

would, in scientific teaching, b 
laboratory exercises It is for that 
reason that we may have confidence ir 
the attainment of a greater measu! 
ethical success in the future, wher 
efforts toward that end are ¢ ied les 
by theological than by s fie pri 
ciples; and when those better guided e 
forts are applied not only through ex 
hortation to the young people who go t 
ehurch on Sunday, but also in a mort 
practical manner to the larger number 
of them at school and college all throug] 
the week. A great change must there 
fore be made in our educational methods 
during the festival of cooperation 
There was a time not long ago when 
heads of colleges were, almost as a mat 


ter of course, chosen from the priest 
the 
students were cared for by the require: 
attendance at 
day and at 
twice every 


hood: and when f 


morning prayers 
church services once 
Sunday; in other words 
then taught 
That was a time when physics and ¢ 


morals were by precept 


and 
taught by precept. 
1] 


to a time when the heads of colleges ; 


istry, botany 


] . 
Zooio?gy 


We have now com 


seldom drawn from the priesthood bu 


morals of the 


i 


every 


were Aaiso 


ire 


; 


more generally from the professorhood ; 


and when the sciences are increasingly 


1 


taught by laboratory exercises, in which 


actual performance is required of every 
student. Yet in spite of these scientific 
advances, less rather than more atten 


tion is now given in colleges to the in 


culcation of morals, perhaps because of 


an inereasing consciousness that the ol 


‘ 


l 








1 them by precept 

+ + rl . _ 
Was so inetle ve. l'o pe sure eller Vi 
courses are « red in ¢ s: but they 
re not very iargely aken and the, 
i] } ) 
reat chiefly the ethics of peoples and 


races; or if individuals are mentioned 
they are usually famous persons, not 


mere boys who eall themselves men. 


This inattention to the local individual 
must be corrected Just as physical 


health and bodily strength are increas- 


ingly secured for each student by the 
performance of appropriate bodily 
exercises in gymnasiums or on play- 
rrounds, so ethical health and the build- 


ing of finer characters must in the future 


be secured by the performance of appro- 


priate exercises in what may come to be 
ealled an ethical laboratory; and such 
exercises will gradually penetrate down- 
ward from the colleges where they are 
developed into the schools. There is to- 
day a not unnatural unwillingness to 
have any one religious faith taught in 
the schools ; there will be no such unwill- 
ingness shown regarding the practical 
inculeation of ethical principles, for 
ethical principles are substantially alike 
in all the religions professed amongst us 
But it is not only by downward pene- 
tration from colleges into schools that 
better methods of ethical education will 
be extended. They may also penetrate 
upward from schools into colleges. The 
efforts of an important movement, al- 
ready developed among school-teachers 
and known as ‘‘progressive education,”’ 
are directed toward discovering the best 
means not only of teaching children but 
of developing their finer qualities. What 
career, therefore, can be nobler than one 
in which men and women of real ability 
are thus not instructing children only in 
the rudiments of knowledge but are de- 
veloping their loyalty to high ideals; for 
in that career those consecrated to it are 
not merely earning a living out of teach- 
ing, but are spending their lives on it. 
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kind will be many: ass 


will be long delayed ant 
diate and definitive results. s 
which commonly attend invest 


physies and chemist + - 


+ \ + 
pected. Experim nis 1! 
; 
ment must last a lifetime. H 
; © 4) 
those of the professorhood s 


1 


take betterment problems w 

the best of the priest! ood | 

turies desired, to consecrat 

a task of uncertain rewards. 
on which the future of hun 
largely depend. 

This proposed festival 
may perhaps be decried as al 
its practical exercises in et 
deemed fantastic by doubting 


but the cooperation is emin 


and the practical exercises it 


and must be developed. Now 


they more needed than by the1 
eration in our own country, 
lawless greed which so ab 
grown-up generation excit 
ment, to say the least, among « 
in Europe, while our ow: 
correcting lawlessness, not tos 
difference to it, mortifies us 
foundly at home; for we are 
era when professional poll 
creasingly governing us to 
satisfaction and to our disgr 
when organized criminals, 
sheltered from the law by €X] 
advice, are to our shame 
more profitable business tha 
else. We must surely during 
val of cooperation make a vas 
active and effective educati 
toward ethical betterment tl 
now doing. 

Our universities must come 
nize the need of such effort. T 
grown enormously in the last 
Opportunity for study wit 
been immensely broadened by « 


In 
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olessor in charge invite a promis 


rroup ot its members to go on Wl 


. ‘ ‘ ] , 
ntai ¢ Irs l! \ ( ali sna 
» study ea other, all to estimats 


strength of various ethical qualities 


ssessed by each, and then jolntiy to 
ise practical exercises which shal 
strengthen the weaker qualities. Some 


, } } } 
x valuable would surely be learned 


‘ten or twenty years of such exper! 


tation in ten or twenty colleges; and 


that beginning further steps might 


taken. For remember, our festival « 


peration is to go on for centuries 


g 
When the planning of these exercises is 
‘r discussion, all persons should be 
ided who say at the beginning that 
such exercises can not be successful 


Plans should be made only by those who 
st that at least some exercises can be 
shall be successful. Above all, let 

ne say, ‘‘Human nature can not be 
hanged.’’ It has already been enor 
mously changed and it is going to be 
inged more still. Every ardent disci- 
ple of Christ must believe that. Could 
ny university president have a higher 
ambition than to see, during his admin- 
istration, the successful development of 
wholesome courses on character-building, 


as ¢ 


fitting supplement to the broaden- 
ing of opportunity and the raising of 


scholarship by his predecessors ? 
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moting public health. We have various 
excellent organizations for practical bet- 
terment, such as eugenie societies, insti- 
tutes of family relations, and so on. 
Some investigators are striving to dis- 
cover the cause and cure of cancer. But 
most of these are working collectively on 
the human body; few are working on in- 
dividual human natures. May we not 
therefore hope that future endowments 
shall be more directly applied to the dis- 
covery and cure of the mental disorder 
known as selfishness, which lies at the 
very root of so many of our disorders. 
Surely that mean and degrading quality 
is more damaging to humanity than ecan- 
cer is! The wonder should be that a 
concerted, scientific attack on it has not 
been already made. Is the delay per- 


haps due to an aloofness of the profes- 


sorhood because of a semi-conscious but 
mistaken feeling that the correction of 
moral faults is the business of the priest- 
hood? If so, let us hope that the mis- 
take will be soon corrected; not that the 
priesthood shall cease their efforts but 
that the professorhood shall helpfully eco- 
operate with them. How wholesome it 
will be to bury the acrimonious disputes 
which separated those two gréat forces 
in the past, under the cordial relations 
of the future. Can there possibly be a 
nobler crusade than one formed by the 
union of those forces marching unitedly 
against the defects of humanity? If our 
defects are due to our glands, then let 
the crusade march against the glands! 
But let it be understood that the ecru- 
sade is not to be begun by proclamations 
calling attention either to it or to its ob- 
ject. It will begin inconspicuously; it 
has undoubtedly begun already in vari- 
ous quarters. But it is at present every- 
body’s and therefore nobody’s business. 
What it now needs is organization and 
direction; and it is in supplying that 
need that a long-lasting endowment for 
coordination will be immensely useful ; 


an endowment directed by men « 
structive and persuasive wisdom 
would give their whole time to 
who would, for years and years to 
encourage and focus on a central] 
the many lines of religious and se 
effort which are now pursued t 
pendently for the greatest effic 
Can this association, which is pledg 
the advancement of science, possil 
better work than promote the estal 
ment of such an endowment? Is 
anything in the world more imp 
and more difficult to work upon t 
improvement of human nature? 
science anywhere find a more w 
subject for investigation than the 1 
ods of accomplishing such improve 


As an encouragement to _ persever 


against difficulties, let us remen 
again that we live in a world which 
merciless for ages and ages, but a w 


in which the quality of mercy was dev: 


oped, not many centuries ago, by ur 


scious evolution; a world in which 


sense of justice has similarly arisen, t 
ing us that might is no longer right 
though it truly used to be right. If 
much has been gained by uncons 
evolution in the last few thousand y¢ 
how much more may we hope to 
from conscious evolution during 
plenitude of time to come! 
Reference to science has often | 


made in this address. Let us be care! 


to understand that there is no myst 
or magic about it, in spite of its e 


f 


mous power. Science is merely we 


attested knowledge. Let no one ma 
the mistake of imagining that it is har 


or unfeeling. In tasks where vigor 


action is needed, it works with activ 
vigor; in those which call for gent 
sympathy, it is gentle and sympathet 


Its faithful handmaid, logic, wi 


deemed cold only by those who like 


repose on mossy banks of outgrown 
liefs in shady groves of tradition, 





has ever yet been harmed. 
is been wonderfully successful in the 
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vy enough such slumberers do not 
eir repose disturbed by the clear 
The fields of science in- 


be observ ed > 


' truth. 
. everything that can 
example, human 
t being merely one of the many 


A 


conduct: human 


ms which finds a better explana- 
under the scientific philosophy of 


tural evolution than under the credu- 
s theology of supernatural creation. 

results of science are not final or 
ite; they are always open to correc- 
and extension. The essence of its 
t is a search for truth, by which, as 
| philosopher long ago said, no man 


That search 


vsical world. Great renown has come 
ibers of the professorhood through 
eir discoveries, even if what they have 


liscovered is as utterly remote, as ut- 


teescopes. 


‘ 


beyond application to the better- 
ent of humanity as the dimensions of 
orbits of a binary stellar system, the 

» members of which have never been 
apart even in the most powerful 
True, do 


such diseoveries 


teach us more of the mystery of the uni- 
erse as well as of the possibilities of 


vement by the human mind; but 


unforti 

have the t 

such dise 

ta secret 


ng constitute aimos 


méeanin 
far above and regrettably apart from 


ordinary run of mankind. By all n 
let 


creat profess ir d zo 


those distinguished members 


on and 


new marvels in the 


pl ysicai WOT! 


the astronomical universe, but m 


not hope to see, alongside of them 
equally 


group of the professorhood who sha 


honored with them, a1 


ply themselves with equal ability and 


assiduity, and in harmonious ¢ 


tion with a liberalized 


and geri 
group of the priesth 1, to 


everyday terrestrial problems 


solving 


Many difficulties lie ahea 


humanity? 


Progress will be slow at best. But surely 


we may look forward with confidence 
days when our festival of ¢ 


n 


bettering 
operation is well under way. For 


own part, and I 


+} 


trust for 
for that 
ing confidence is an optimism which 


many 0 


also, the ground forward-look 


based on a study of the past and which 


springs from a firm belief in the philos 
phy of evolution and the faith of 


ent science. 
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ON THE ABILITY OF WARM-BLOODED 
ANIMALS TO SURVIVE WITHOUT 








BREATHING 


By Dr. LAURENCE IRVING 


DEPARTMENT OF PHYSIOLOGY, UNIVERSITY OF TORONTO 


THe need for oxygen is the most in- 
sistent requirement for human life. It 
is quite different from the requirements 
of food and water, which need satisfac- 
tion only at intervals which may be quite 
prolonged without discomfort. If man 
is deprived of oxygen for a minute his 
situation becomes quite intolerable, and 
if the of deprivation is only 
slightly extended consciousness is lost 
and life soon ends. The brevity of dura- 
tion of life without oxygen leaves only 


period 


a narrow margin of oxygen reserve to 
separate life from death. 
This narrow margin of 
serve between life and death has been of 
great importance in determining human 
activities and The usual 
termination of life comes as the result 


oxygen re- 


behavior. 


of interruption of respiratory activity. 
Only one link in the chain of processes 
which secure the continuity of respira- 
tion need be broken, and the processes 
respiration is effected are 
The peril of death is always 
imminent from the disturbance of re- 
spiratory functions, and the preserva- 


by which 
delicate. 


tion of respiratory activity is secured 
by giving precedence to its reflex con- 
trol. 
the most violent of all possible physical 


If respiration is forcibly arrested, 


struggles ensue, at first directed toward 
relief of the obstruction, but rapidly 
becoming incoordinate. Even a decapi- 
tated animal which has been kept alive 


by artificial ventilation shows’ violent 
though inecoordinated struggles upon 
cessation of oxygen supply. It is no 


exaggeration to say that the matter of 
securing a constant and adequate sup- 
ply of oxygen is a constant preoccupa- 
tion during life. 

The period during which man can 


99 


suspend respiration has influe1 
of his It 1 


allowed for in musical notation 


separate activities 


termines the length of spoken 
Respiratory movements interfer 
the most delicate manipulations 
be voluntarily restricted for 
time. Restraint of respiratory 
ment is likewise a condition for 
attention to the 
odors or sounds. 
tory 
ability of 
sets the limits of time and dept! 
natural means of submarine exp 
Most warm-blooded animals 
man in the the t 
which they can remain submers 
yet there 
which notably excel the ordi 
forms. These diving 
restricted to a sing 


perception 
It is also the 
which 


rest} 


requirement 


man to be submerge 


short ness of 


are certain diving 





restrial| 
are not 
group, but appear among severa 
of birds. Among mammals, bes 
aquatic 
there are, for example, the mus ' 
beaver, the hippopotamus and 1 ' ’ 
In order to examine the propo 
what limits the ability of man for : Pe 


manatees, whales a1 


mergence and what apparently « the te 
that ability in certain other anin 


ean begin to examine the ¢a} "" ' 
man. : 
If respiration is temporarily Se 
the period for which any one « it] 
hold his breath without extreme « ee 
fort is limited to forty-five second a 
however, some previous preparat 
made by forced deep breathing, ' o- = 
period may be extended to five or s would 
minutes. If to that preliminary The: 
of deep breathing is added the res} e 
tion of oxygen, the time may be & B® y....), 
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10 per cent. of the body weight; 
ils bi ay welcnt Ww ild Ttnus 


7 liters of air. 7 liters of 


ut one fifth would be oxygen and 


afford about 1,400 eem of oxygen 


ermore, certain I 


a amount 0 
xVeen would be the blood. 
ng approximately 7 per cent. 


stored in 


of 
body weight as made up of blood, 
of 17 
per 100 eem of blood, we find that 


tal quantity of oxygen in the blood 


an average eontent 


oxygen 


| be about 830 eem. 


In addition to these more apparent 
res of oxygen, there are other body 
ds which are more or less saturated 


The 
ration of the tissue fluids is a mat- 
ter of some doubt, but it can scarcely 
greater than one half, and the cor- 
responding quantity of dissolved oxygen 
would be about 600 cem. 
These three reservoirs of oxygen in 
: F. A. Bainbridge, ‘‘The Physiology o 
Muscular Exercise.’’ London, 1931. 
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reached, however, and 
recovery occurs the pro 
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gen. For 


extra oxy) 


. f raft . 
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tivity develop a 

in the body which is 

oxygen debt. It is not, 
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those under whic! 
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oxygen during the recovery, and it is 
measured in terms of this extra oxygen 
consumed. For a trained athlete such as 
a sprinter the debt may amount to as 
much as 15 liters of oxygen,? and it in- 
dicates the existence of an energy re- 
serve for muscular activity equivalent 
to the energy which would be derived 
from the utilization of 15 liters of 
oxygen. 

In contrast to the total stored oxygen 
of 3 liters, 15 liters is quite a large 
amount, and one would be inclined to 
turn to this device in order to provide 
means of survival when respiration is 
arrested. But this method of metabolism 
is, as far as we know, available only for 
muscular activity and is not extensively 
utilized by any other tissue than muscle. 
So that while the oxygen debt may serve 
very well to carry on muscular activity 
during a short period of asphyxia, it 
does not solve the problem of an energy 
supply for the other tissues. Perhaps 
it is on account of the lack of means 
to develop an oxygen debt that the heart 
and brain are particularly susceptible to 
asphyxia. 

The various means which have been 
proposed are not capable of maintain- 
ing survival during extended periods of 
asphyxia, and we can scarcely see how 
it would be possible for a human animal 
to survive for more than a few minutes. 
Many animals, on the other hand, are 
superior to man in this respect. Prob- 
ably the first systematic work on this 
subject was done some years ago by Paul 
Bert.* He determined the period during 
which a number of animals survived 
forced submergence under water. Vari- 
ous terrestrial animals, such as the dog, 
eat and hen, survived submergence for 
from 2 to 4 minutes. Similar examina- 
tion of animals with a partly aquatic 
habitat, such as gulls, indicated that 
they were not superior to the terrestrial 
animals. But the ordinary domestic 

2 Ibid. 


3 Paul Bert, ‘‘ Lecons sur la Physiologie Com- 
parée de la Respiration.’’ Paris, 1870. 
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duck, not a highly developed 
tively aquatic animal, surviv 
period of 10 to 15 minutes; a ) 
(remarked upon as not in very 
dition) was still moving at the ¢ 
minutes, and the heart continued ¢ 
for 28 minutes. 

It is of interest to consider the { 
observations of Paul Bert 
marked ability of young animals t 
vive asphyxia. New-born rats 
survive thirty minutes; for ad 
limit of survival was about two 1 
During development the period 
they survived progressively dit 
This remarkable capacity for re 
to asphyxiation in new-born ani! 
related to the necessity for sudd 
velopment at birth from a cond 
which the respiratory apparatus | 
been in use. During the time of | 
mammals there must occur a mors 
prolonged period when respirat 
quite impossible. Respiration 
starts rather hesitantly and onl; 
some time does it become regula 
firmly established, and during 
liest life the young mammal can 
endure asphyxia for periods 
would later be fatal. 

The experiments on forced subm 
would appear to be rather artifici 
would scarcely give the anima! 
chance to demonstrate its full 
to endure asphyxia. On looking t 
the literature to ascertain the opi 
the various authors on the durat 
the period for which diving anin 
remain submerged voluntarily, 
that good observations are 
Leonard Hill* has said that the 
limit was probably that of a 
diver, amounting to about 3 to 
utes, without any previous oxyge! 
ment. The record period he claim 


a skilled diver, who remained submer 
and visible in a tank for near} 


4L. Hill, ‘‘Caisson Sickness and the Ph) 


ogy of Work in Compressed Air,’’ pp 
London, 1912. 
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~ Profess r Parker ol served 
the Florida 
and the | 


rval between respirations was 16 


spiratory periods of 


in an aquarium, ng 


anatee 


s and 20 seconds. 
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Beyond these few observations we find 


ular hesitation on the 


seems a sing 


rt of naturalists to state how long a 
ving animal can or even does sub- 
The beaver can swim under 


for about five minutes, according 
Ernest Thompson Seton’s® calculation 
the of the old 
The ability of diving birds has 


DaADLY been 


statements trap- 


‘om 


. overrated on account of 
eir skill at concealment when emerg- 
ne. Mr. Arthur H. Norton, curator of 
e Portland Society of Natural History, 
e a number of observations, and 
records f the 
on and old squaw, with about 40 sec- 
submergence. And yet the Great 
fishermen tell of old 
aught in nets at the depth of 180 feet 
according to a communication from Dr. 
Remington Kellogg), there are 
stories of the capture of on set 
lines at considerable depths. 

It seems singular that observations of 
so interesting and important a nature 
are not more frequent. Trappers and 
guides, who live by keen and accurate 
observation of wild animals, will scarcely 
venture an absolute opinion on the sub- 
their 
those times in camp when the vivid in- 


sent m 


he longest those o 


were 


1S 


Lakes squaws 


and 
loons 


lant 


and reserve comments for 
terest of a story takes precedence over 
the limitations of truth. 

For two and 
whales have been systematically hunted, 
and the accounts of the pursuit quite 
properly form an extensive and fascinat- 
ing literature. But as a consequence of 
the difficult conditions for observation 
and the romantic flavor which 
easily attached to whaling stories, we 


find that reliable authors show a good 


over centuries seals 


ls so 


5G. H. Parker, Jour. Mammalogy, 27, 
1922 
SE. T. Seton, ‘‘Life Histories of Northern 





 — : on y » 
Mammals,’’ i, 475. New York, 1909. 
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ological Soci London 
ay rré luran und a r j fl 
liom taking less than three to 
ired f s of lir ind strong f 
n i V rul it 700 fathoms, remain 
g der uter ng period of t 
hours, coming es i vain is 
f they had never been away und 1 
d f the w the s | ng ruled 
em b ve a second har } 
ind a Pp l nee r wo it often ikes 
» | the he ever die v a 
ird strugg ashing the 1 whi I t 
leaping out of the water, striking the boats 
th their tails, running against them with their 
nd t ng the planks in, fre 
q t ing » hea hale-boats about 
ifter n with great rapidity 


‘rom these various accounts we can 
that e 


capacity to resist asphyxia which 


conciude 


‘rtain mammals have a 


lar ex 
ceeds the ability of man, and, as a matter 
of fact, 
would expect on the basis of the amount 


exceeds the capacity which we 


of oxygen stored. That being the case, 
then, we might consider what modifica- 
tions occur in these animals which would 
adapt them to survival. One might be 
an increased vital capacity with an in- 
stored in the 
This capacity might possibly be doubled ; 
on the other hand, if it were to be much 
more than doubled there would hardly 


erease of oxygen lungs. 


be space available in the body to ae- 
Birds in 
particular have a very re- 
spiratory apparatus, but Mr. 
Foster and I examined the vital capacity 
of the duck, we found that it was only 
about double that which ex- 
pected in a mammal of the same size. 
The hen has nearly as great a vital 
and yet is quite 
inferior even to most mammals in ability 
Even doubling the 


commodate the other organs. 
extensive 
when 


would be 


capacity as the duck, 


to resist asphyxia. 


vital capacity stores only sufficient 
oxygen for another minute or two of 
resting metabolism. So it is not pos- 


sible to account for the superior ability 
of diving animals by greater air stor- 
age. 
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increase in the volume 


An 


wl Soi ie . 
micht be considered. 





called attention to the peculiar 


devices common among aqua 
the retia miriabilia or networks 
vessels, which are often quite 
and which would seem to 


animal a greater capacity for b 


; 


nence for oxveen storage in 


By determination of the blood 


by means of vita 


Foster and I found that 
volume of the duck and m 
about 10 per cent., somewhat 
than is usually found for 
But again the hen was nearly 


provided with blood 

It is unlikely that vital capa 
blood volume could both be do 
they would then occupy son 
eent. of the body, 


for the other organs. 


searcely leavi 
Even su 
erease would only provide the 


for a few minutes’ longer sury 


out respiration. If, then, we co ; 
the animal only a slight addit 
ability to survive, making the lin y 
or four minutes instead of one 
it would not seem worth while t 
these modifications in the respi ; 
or circulatory system as sufi : 
adapt an animal like the whale t 
its great ability for submerger 
under-water activity. 

We should also consider the poss 
of increasing the capacity for mus 
oxygen debt. That seems at first s 
a tempting possibility to invest f 


But an increased capacity for de\ 
ing an oxygen debt implies a su] 
buffering capacity in the muscles 
postulate a large variation in 
fundamental chemical property 
muscle is rather dangerous, for we ! 
that the principal chemical prop: 
of all vertebrate muscle are essent noth 
alike. As an indication of buffe: 
capacity of the muscle, we have exan 
the carbon dioxide content of the m 
of ducks and muskrats, and found 








WARM 





to the muscles ort eats and dogs 
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rmore,. if we were increase 


debt forming capacity, it would 
fluence the capacity for main 
museular activity for a longer 


time. It would not help the 
ind brain to survive 
the diffieul 


the 


not think that 


ng animals rest 1n preserva 
the skeletal muscles: the oxygen 
van arm or leg may be cut off 


m 10 to 15 minutes without dis 
rt. and for much longer than that 
More 


ilty seems to arise in protecting the 


wut actual injury to the part 


as the heart 


sensitive tissues. such 


1 brain. which are so sensitive to 
sphyxia 
often happens that when we ex 


ne an animal part by part and then 
ttempt to recreate the whole by the ad 
] 


lition of parts, we find that the wl 

mal is quite different from the sum 
There are cer 
to the 


rts are made to cooperate, a peculiar 


its component parts 


tain relations according which 


pe of integration which completes the 


organism in a manner which 


s not by the simple addition of fune 
the 


this integration we regard as the cen 


The mechanism for eontrol 


Ms 


nervous system. Perhaps we are 
one 


to call it behavior, if we are of 
| the 


type of 


‘ocess as physiologists, we are inclined 


biologist, or, examining 
analyze this behavior into its com 
ent parts, and refer to them as re 
exes. It seems possible that it might 
to of the 
eflexes of diving animals to see whether 


+} 


pertinent examine some 


may be responsible for some de 
gree of protection against asphyxia. 
first 


whicl 


Paul 


definite information 


ippeared was published again by 


Bert’ on the behavior of ducks when 
forcibly immersed in water. They re 
ined quiet and passively endured 
isphyxia for from 12 to 15 minutes 
Op. cit. 
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The process a = 
TI T\ has been if l \ rked 
a retlex reaction roust by pos 
stimuli which give the hibition « 
when the animal is out of water 
holding the head and neck of a du 
In a certain position, resembling the on 
assumed when under water. that is. w 
the head and neck extended and slig] 
depressed, all activity f the anin 
ceases. The same sort of reflex inl 
tion of muscular activity can also be see 
in the muskrat under a stimulus of tf 
same kind. Activity of the respirato: 
muscles is inhibited as we and resp 
tory movements are at once abandone 
A duek or muskrat can be held in tl 
position for several! minutes and n 
tempt to breathe will be mad I} 
tvpe of reflex is obviously in adap 
hature in conserving ‘ hnerg 
mais tor existences Inder wate! 

Along with the depression of muscu 
activity and the cessation of the w 
ing of the respirat system, the 
lowing significant observation was n 
by Richet Inhibition and retardat 
of the heart beat oceun by stin 
transmitted through the \ is ner 
When the Vagus lie nha au 
cut or inhibited with atropine it s 
vived no longer than a hen would w 
the same conditions. This reflex me 
anism then has a definite conservat 

F.M. H Q j 

Ro 19 
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gén 641, 1899 
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effect in protecting an animal during 
diving 

Even so, while it may inhibit the ae 
tivity of the animal, it can not abolish 


its basal metabolic requirements, and 
we are still faced with the problem of 
these animals survive for as long a 


A hint eomes 


how 


period of time as they do. 


from the observations of Gratiolet,’* 
who deseribed the vascular structure of 
the hippopotamus He claimed that 


there was a muscular band which passed 
around the about where it 
went through the diaphragm. He be 
lieved that it had the ability to contract 
and to the the 
blood from passing into the heart from 
He thought 
that such a mechanism would be useful 
the 
brain which were supposed 
The idea of ‘‘en- 
be injected 


vena cava 


prevent remainder of 


the posterior circulation. 


in preventing the engorgement of 
heart and 
to oceur in asphyxia. 
however, 


rorgement,”’ may 


into consideration by reason of subjec- 
tive sensations during asphyxia, when 
the cerebral vessels seem to be engorged 
and the heart feels full; but it is doubt 
ful whether the blood pressure is actually 
On the other 
hand. if such a device were to shut off 


elevated in these organs. 
a large part of the returning systemic 
circulation, then it would be possible for 
such oxygen as was stored in the lungs 
and blood to be utilized by those organs 
which are particularly sensitive to oxy- 
ven want. The muscular tissues could 
vet along with the help of the oxygen 
debt process, but the heart and brain re- 
quire some device to aid them. 
and more at- 


In recent more 


tention has been paid to the cerebral 


\ ears 


and coronary circulations, with the re- 
sult that it is apparent that control of 
those systems is quite distinct from the 


18 M. P. Gratiolet, C. R. Acad. Sci., Paris, 


li: 524, 1860. 
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tvpe of control exerted over th 
We find s 
tions of this in the apparently 
and adre) 
We lear 
that 


systemic circulation 
action of histamine 
coronary circulation. 
from Lenox and Gibbs, 
dioxide is administered to th 
of from 5 to 10 per cent., and ft! 

bral circulation is judged by the 

of oxygen in the blood returning 1 

the jugular vein, its circulation \ 
accelerated by as much as 40 pe 
while the circulation through the 
diminished There is 
the 


temic circulation, which under eco 


vein is 


relation between cerebral a) 


of asphyxiation may serve to 
the blood and oxygen supply 
more sensitive tissues at the exp 
the others. 

I feel that 


chemical nor physical processes 


when we ean find 


mammal body whicl 


for 


avian or 
adapt them 
turn 


submergence, 
should our attention to ref! 


justments. It might be pointed « 


the physical and chemical propert m States 

the muscles of mammals and of all 

brates are remarkably alike; th: , 

apparently has the same characte: 

in all forms, and the elements : 

nervous system are so similar as 

practically indistinguishable Ss 

might remark that during the op: 

of the forees of evolution the p 

and chemical characteristics hi: 

mained relatively fixed, maintaine 

apparently rigid mold. On thi 

hand, the adaptation of various — 

to different environments indicates 

markable degree of plasticity 

nervous system. In the integrat 

use of these essentially similar = 

arises the capacity for adaptatio: . - 
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Gibbs, 
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Invest., xi: 
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1155, 1932. 
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So ] 


tive staff t was that I spent two 


state officials 


staff 
impatiently anticipating 


in conferences with 
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them a little 


days 


federal bureau’s spent 


and 
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By this time, the 
Black Mallard ready 
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left Friday 
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CYPRESS SWAMPS 


BORDER BAYo BARATARIA EN ROUTE TO THE 
GULF. SIN‘ ARLY TIMES MOSS PICKERS LIV 
ING IN ISOLATED CABINS THROUGH THE SWAMPS 
OF LOUISIANA HAVE GATHERED SPANISH MOSS 
FO \ \ Oo \ SS F ERS ON 
THE WG ig OAS \ \ CROI GS vO 
AND A HALF 0 \ 8) Th) ARS 


of bravado jumped overboard and 
walked about on the masses under our 
bows. Threading Dupré Cutoff, where 
stand oceasional patches of ‘‘Ghost For- 
est,’’ stark and naked trees killed by 
occasional invasions of salt water in 
times of unusual drought, we met the 
marshes, empty stretches of waving 
saw-edged grass lying lonely and deso 
late. These are the quaking prairies 

‘‘praire tremblante’’ where beneath 
one’s feet the matted and rotting vegeta 
tion trembles on the sodden silty under- 
soil. Here muskrats build their homes. 
water-fowl nest and even occasional 
‘gators lurk. Pressing on, we entered 
the broad and winding marsh-bordered 
Bayou St. Denis and sighted the row of 


beacons in Barataria Bay which we must 
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ww. Like 
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ment tor shrimp and small 


ater is brackish, because of 


rainfall and outwash from the 


ns and marshes, and because it Is 
w the temperature rises t 4 

s or so during the summer. On 
iif coast there are but two tides, 
and one low each twenty-four 
but these have less effect upon 
evels or water currents, except 1n 
nity of the passes, than the winds 
ften bank up the water on the 
d shores until it overflows the 


es. Seaward, Barataria Bay is 
the Gulf of Mexico 


low-lying 


| trom by 


Terre and Grand Isle, 
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islands unlike the barrier 


not 


es of the Florida and Carolina 
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ving tops shelter straggling com 
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FORT LIVINGSTON 


WITH THE PASSING OF PIRATES AND COLONIAI AMBITIONS OF FOREIGN GOVERNM 


TURY-LONG VIGIL OF Fort LIVINGSTON GUARDING GRAND PASS HAS COME TO AN 


While this is going on, the s 
squints at the delicate instruments and trawl is made ready and after t 


apparatus is reeled in Gowanloch 


records the readings. Then the sample face temperature and water san 


of water is drained from the instrument taken, the captain’s 


into a tagged vlass bottle and set aside ‘*Stand by,’ as the vessel moves 


A bit, how- 


ever, is taken at once and placed in a 


for salinity determination First the tail of the long bag-like 


put over the stern into the water 
color comparator to determine the pH, the rest of the net goes overboar 


a measure of the acidity of the water Lindner and Gunter let go the 

















DOZENS OF VESSELS TRAWL FOR SHRIMP ON THE SMOOTH WATERS O! 
BARATARIA BAY. 
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rv later study. 
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to stand by for lifting the s 
The gasoline winch slowly 


line, the boards are lifted a 


web of the net is hauled and if 


sswung aboard with a hoist fr 
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In this case the catch is 


ver, and with only a moderate 


int of heaving and puffing the boys 


the eatch by hand 


Spilled out upon the deck, our 


ild have disappointed a shrimy 
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SINTE 
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a 


s a valuable record, for these men THE BLACh MALLARD 
prospectors seeking to find by per KES AN EXP! 
nt sampling just what kinds of sea SIZE SHRIMP TRA sayou Sr. D 
ires frequent this locality of the 
and every other station visited that the two typical or **‘modal’’ s 
week of the entire year. The shrimp present in any locality i 
p of all sizes are quickly selected early summer are a yvear apart ! 
the catch, whelks, crabs and other that the smaller gr ip Just 
fish are noted and thrown over enough to be caught by comme! 
i, and the fish are all sorted accord- are the young spawned during M 





n To the biologists, the cate 


species, counted and record 


ile the vessel proceeds toward the larger group, the ‘‘Jumbo’’ shrimp 
Station on its route the more exact the remaining few of the breeding 
work proceeds. The shrimp are which, after spawning, disappear 
d on the measuring table, where the waters, never to be seen ag 













































THE SHRIMP INDUSTRY 135 


g¢ like shrimp while sndne ecords 1) 


e net tion to the lenet f Sex nad 


esh Si 


f shrimp from North Carolina to Ti 


ing of 
nave bee) THUS inaivzea ge 
erea : . 
machine biolow some Ca 
yng ~ ee 
qugniry t Db thie name or D 
. r° biometr\ ant thers i}! 
1 the \ 
} il T mshel = > ~ 
Tle 
; s. for bv s R 
lls a ‘ 
r 
| 
hbrimp 
winds 
board, 
t 


neavy 
mm the 


hel + 





cate! 


» fish 





h pro 


“l April, May and June, and 








rn , 
4 
4 


4536 





dying after consummating 


doubtless 


life’s destiny of reproducing their kind. 


These length records demonstrate 


that growth is very rapid during the 


summer. Shrimp 24 to 34 “pee long 
in July reach a size of 5} to 6 inches by 
September. They also show that the 
breeding season is long, for females 


bearing spermatophores are found in 


the outside waters of the Gulf as early 


April 


tember. 


and even 
that 
months and on 


and as late as August 
The 


during all 


se] records show 


young these 
into the fall are growing up to commer 


cial sizes and are joining the schools of 


more mature individuals spawned earlier 
TO ¢ 


of swimming and 


in the year ‘arry on the mystic dance 


feeding that makes the 


shrimp so elusive and baffling to the 


fishermen 
But what makes the shrimp so notori 
erratic in its and 


ously appear ance 
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movements? Sometimes the. 





abundant in the bays, 
Gulf. 
made, 


found in that 


sometime 


One day rood catches 


and on the next no shrin 


locality but wl 


in abundance miles away. A 


' 
larger sl 


storms rimp may he 


where formerly small or n 


abounded. Does the shrimp 


changing temperatures, 


Seen! 


a congenial warmth Does 


before an inflow Oot Saline water 


Gulf, seeking a more brackis| 
ment? 

Undoubted \ the species 
cording to definite laws, to vai 
its environment; and to dise 
actual observations what react 


place in nature under certail 


is one object of the research pr 
the associated governments ni 


way. From these repeated obset 
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RESULTS 
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VESSELS AT NEW ORLEANS WHARF 


OF SHRIMP ARE LANDED DAILY AT THE CANNERIES IN LOUISIANA T E VESSELS, W 


CATCH ICED IN THE HOLD, HAVE MAD! HE RUN TO NEW ORLEAN FROM BARATARIA 


ypotheses will be prepared, and later young shrimp—shrimp too small to be 
ter experimental tests have been made taken by the commercial nets. The 
lisproving, modifying or confirming our stern motor was swung overboard and 


heories, we hope to discover and state fixed to the dinghy; the seine, lined 


some of the natural laws governing the vith fine silk mesh, was put aboard 
sor mp’s life, that now appears to be the collecting bottles and thermometers 
cuided only by eaprice. and after invoking dark powers in a 


veturning landward from our most well-chosen words the motor started 
ffshore station, hauls were made at the half mile run to shore As we left 


rercular intervals entering Barataria the Black Mallard anchored in three 


Bay, in mid bay, at the head of the bay, feet of water, the bottom gradua 
n Bayou St. Denis and so on, in thun- shoaled; two feet, one foot, six inches 
ler squall and under broiling sun finally the soft mud slowed us down, and 
hroughout the day. Detouring through we waded ashore onto a little sandy 


Bayou Rigolets we reach Little Lake, beach bordered by a wilderness of eig 
dragging our keel through the soft mud foot marsh grass ‘he first foot that 
m to a favorable place for anchor- touched a bush aroused a hive of mos 


= ng qui 

After breakfast the following morning our time was spent in a losing battle 
a Selning party, consisting of the engi- with the pests 
I the four scientists and myself, Two of the boys quickly laid out the 


yy 


ready to go ashore to search for little collecting seine an hauled it 











ashore, spreading out the glittering 
dancing catch on the webbing along the 
beach. Then all hands began the task 
of collecting a definite sample of the 
catch which, besides thousands of tiny 
fish, contained the wriggling shrimp 
When hatched, shrimp are very dif- 
ferent in appearance from their parents 
They are very minute, about 1/100 of an 
inch long, not unlike a water-flea in 
form. They soon develop an elongate 
shape with large head and eyes and a 
diminutive tail, whereas in the adult the 


head and thorax region is about equal in 
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shrimp far offshore in deep 
every coral head teems witl 
of shrimp like forms The 
species of shrimp, however, ar 
found ten miles from shore 
water: they are  essentia 
brackish water forms feeding 
mouths of rivers on detritus 
outwash of the land 
Although it is fairly well est 
that the eggs of the shrimp, rert 
they are laid, are cast free in 


of the Gulf or ocean to devs 


hatel . a mvstery here devel Ds t 














SEINING FOR 


ON THE SHORES OF LITTLE LAKE MANY 


size to the large tail, which contains the 
muscular edible portion of the animal 
As they grow, the larvae shed their 
skins, assuming a somewhat different 
form with each molt, passing through 
seven or eight distinet stages before at- 
taining a form similar in external ap- 
pearance to the adult although less than 

inch long. At this size, however, the 
little shrimps are readily confused with 
other similar species that do not grow to 
large size and have no commercial value. 
It is this fact, doubtless, that leads fish- 
ermen to report a vast supply of young 


LARVAL SHRIMP 
MILES FROM THEIR ORIGIN IN THE G 
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investigators have not yet s 
young post-larval stages, } inc! 
in length, are found both nea 
and far up in the streams a! 
that are nearly fresh, containing 
to two parts of salt per thousa! 
example, here on the shores 

Lake, thirty miles or more fron 
Pass, our seines repeatedly tal 
sands of these fragile little 

What instinct guides them a1 
foree propels them in making 
journey from salt to fresh wat 


must assume that such a 
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ide and that it is the result of some 
nknown and possibly innate foree, for 
ere is no tidal flow sufficient to explain 


simple drift against the normal ou 
w of land drainage. But 
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nature Is 


eae 


such mysteries, resulting, per- 


ips, from faulty observation of her 
ways or faulty interpretation of scanty 
ita. Thus is the naturalist ever lured 
the unknown 
Originally shrimp fishing was carried 
with seines and east nets, but the 
ter trawl has now generally replaced 
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der methods, except in Louisiana, 
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s;LACK-TIPPED SHARK 
THE WAST! Hi THROWN OVERBOARD FROM 
SHRIMP HAUI ATTRACT MANY SHARKS, ESPI 
IALLY IN THE OUTSIDE WATERS OF THE GULF. 
It TOOK BUT A MOMENT OR TWO TO CATCH THIS 
SMALL SPECIMEN OF THE BLACK-TIPPED SHARK, 


AND PROVIDED A LIVELY DIVERSION. 


l'nited States or dried for export to the 
Orient. During 1929 government ree- 
ords show that 767,852 standard cases of 
tinned shrimp were produced in the 
South worth $4,417,970. Of this amount 
nearly two thirds were of the wet pack, 
i.e., packed in a salt brine, and one third 
was dry packed. More than fifty thou 
sand cases of faney large shrimp were 
packed in glass jars worth another half 
million dollars. These are the salad 
shrimp par excellence, and a tastier, 
more wholesome or nutritious bit of sea 
food is hard to find, unless it be in the 
better grades of shrimp packed in tins. 
Appearance of the product is the chief 
difference, but it accounts for a consid- 
erably higher retail price. 

The canning process is a simple but 
highly effective one, repeating on a large 





scale the same type ol prepar 


would be practised 


fhe shrimp are he: 
in salt brine, cooled, peele 
horny shell, graded according 
placed in cans, sealed and ster 
one modern cannery in Louis 
almost the entire process, 
heading and packing in eans, p 
by machinery. No machine 
can replace hand labor u ren 
heads of the shrimp without rob! 
industry of a bit of unique color 
large room, I saw four hundre 
ing, singing, colored folk, boys a 
voung and old, working at 
performing this process. They 
cents a gallon for the headed 
and a skilful worker can mak 
$4.00 a day. But who wants 
that hard? Since the job is pi 
one can have a better time ear 
Before 1890, shrimp were d 
Louisiana by Chinese and P! 
for export to their home countr 
the height of this early devel pl 
reflected in the name, Manila \ 
where shrimp drying is still car 
After cooking in brine the 
spread out on huge wooden platf 
dry in the sun during the 
heaped under tarpaulins at 1 
rainy weather. In the old 


] 


shells and heads were removed 
dried meats by treading with 
This ‘‘shrimp step’’ is a strange s 
dance that has never become | 
Nowadays, the dried shrimp are | 
in a perforated iron box a! 
screened to remove the shells 
two and three quarter million ] 
dried shrimp were produced 
United States during 1930, yiel 
income to the producer of $1,052.55 
The waste from canning is n 
tured into a shrimp meal, used as 
feed, especially valuable for poult 
eause of its high mineral conten! 
into fertilizer. During 1930, 2,40: 
valued at $69,345, were produc 
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doubtless ecoul be evreatly 


ld, manutactured primary 
roducts and by-products netted 
rs $6,082,770. This is truly an 
t industry, and one worthy of 
ent and perpetuation 
on for half a century and 


appreciated, the shrimp fishery 
the level of a great industry, 
ng an important food commodity 
e the introduction of the otter 
In recent vears production has 
d by leaps and bounds, doubling 
about every eight and one half 
until in 1931 a decline in landings 
Obviously such a rate of increase 
not continue indefinitely, even 
markets be available, for no ani 

t 


Ss 


an withstand such drain upon i 
bers without impairment of the 
ply. Nature is bounteous but not 
dless. It was feared that the limit 
roductiveness would soon be reached 
that depletion of the natural sup- 
would result in disaster to the indus 


p 


destroying the large investment of 

tal and depriving thousands of de- 

dent workers of their livelihood 

\s guardians of its natural resources, 

isiana took steps to forestall calam 
by regulating the fishery industry 
in order to provide wise and effec 


tive laws allowing full utilization of the 
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Ss 


tural wealth at the same time insur 
r perpetuation of the supply, under- 


} 


k a scientific study of the natural 


istory of the important species. The 


S. Bureau of Fisheries had already 
lertaken an extensive study of the 
rimp throughout its commercial range, 


nd forees were joined with the state 


ithorities in Georgia, Louisiana and 


‘exas to make the work more effective. 
rr. Frank W. Weymouth, a well-known 


‘lentist of Stanford University, who 


vas already acquainted with the many 
pecies of shrimp on the Pacifie Coast, 


was placed in charge of the bureau’s 


r 


research staff of six, including Dr. J. S. 





Gutsell in 

Anderson n 

and Gordon 

Kenneth H 

ana’s researc 

6b. Myers, ine 

and Forrest Durand 
Fisheries assigned Lat 
in Georgia and the 
Vallard, which has been 
admirably fitted out by 
detailed for research 


waters 


+ + 


The annual life evele « 
a fact of utmost importance from 


standpoint of conservation. I1 


summer and fall, when the bulk 
season’s catch is taken, the main body 


the shrimp population IS composed 
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LANDING SHRIMP AT A DRYING PLATFORM IN BAYOU RIGAU! 
CRAFT OF ALL DEGREES OF SEAWORTHINESS ARE EMPLOYED IN THE SHRIMP FISH 


ALIKE IN TH CANVAS AWNING FOR PROTECTION AGAINST HE SU» 





ACRES OF SHRIMP ON A DRYING PLATFORM, BARATARIA 
AFTER BOILING IN SALT WATER, THEY ARE SPREAP OUT TO DRY. IN THE BA‘ 
BEING SHOVELED INTO BASKETS TO RE CARRIED TO THE HULLING SHED, WHERE 


IN A ROTATING METAL BOX PERFORATED WITH HOLES TO REMOVE THI 
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crowing individuals that were shedding the 


in the spring. None of them severely reduced 
spawned. Hence, if the fishery eclent ecgs laid 
s so intense as to seriously reduce and maintain the 
k at this time, there will be but Since it appears 1 
survive the dangers of the winter spawning it is 
n in the spring Certainly, the adequ ite spawl 
destruction of young shrimp 
the fall before they have grown 
mercial size is a useless and inex- 
waste. At this time the shrimp 
ible in weight in three weeks and 
delay in opening the fishing summer 
in the bays where voung must caret 
vould work but little hardship. medium 
bo’’ shrimp are most commonly — provided 
in March, April, May and June tions are 
l. the young are just being’ now being 
1 and there are no other sizes” reliable gui 
le But the fishery, which servation Wi 


es a secondary peak of production and publie must 


} 


this time, draws entirely upon the’ through, depending 


whing population just rior to r whimsy 
; | \ 





THE PLANT COMMUNITIES OF THE DUNES 


By Professor GEORGE D. FULLER 


UNIVERSITY OF CHICAGO 


MAN has always been interested in northward from the United St 
new things and in how these new things left in its wake heaps of clay, 
operate. The boy with a new watch boulders, plains of sand, and 
wants to know what makes the hands go water. One of the largest of thes 
around, and he takes it apart to see how has been named Lake Chicago, ar 
it is made and how it works. The stu-§ many changes has come to be 
dent of nature is like the boy with the Michigan of to-day. 
watch. He wants to know how the world The winds and the waves bee 
came into being. He would like to have’ work on the shores of the lake as 
a new earth and watch it to see how the’ the ice sheet had melted and th 


plants come in upon it, how the vegeta- were clear of icebergs. The ea 


tion develops. Such an opportunity has headlands were first attacked 
been given on the shores of Lake Michi- force of the waves and were 
gan, where for centuries new land has washed away. The bays and in 
been continually in process of formation slowly filled up. Some of the 
and new plant communities have been removed by the waves soon sai 
developing. bottom of the lake, but some of 
Many centuries ago a great ice sheet eled far and was then thrown 
eovered the northern portion of this con- shore miles away. Because of 
tinent to a depth of hundreds, perhaps and northwest winds, currents di 
thousands, of feet. The land was blot- in the waters of the lake and t! 
ted out and all vegetation had disap- and east shores received tons u| 
peared. Some twenty thousand years of sand thrown upon the beac! 
ago this ice sheet melted and retreated force of the waves and piled 











FIG. 1. THE LAKE SHORE 
WITH YOUNG DUNES BUILT UP AND HELD BY SAND CHERRIES AND WILLOWS. 
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ars. When it dried the winds vrass It then p 
the sand from the beach, and bryonic dune that 
¢ it away from the lake, piled it obstruction to free 
mall and large dunes Century so the dune increases 
ntury this went on until the new — the day the surface of 
measured many square miles 1 fact, in summer si 
| out as a crescent about the south hot, the temperatut 
d of the lake. 120° or more. It 
fascinating thing about this cres- until it is cooler 
is that while the outer edge is changes and the 
nty thousand years old, the inner side ing dunes create 
vas built up yesterday and is receiving plants can withstand 
further additions to-day. This permits water supply that is 
visitor to see new sand heaped up below the surface 
ne the past few centuries or decades Upon the beael 
its new communities of plants, the nuals grow during 
dunes composed of sand maturing of the summer 
soil with their older vegetation, and however, a few see 
oldest dunes with mature soil cov- vive, and the first permanent 
with the oldest vegetation, forming perennial grasses and shrul 
limax forest upon climax soil. the most successful 
When the sand first emerges from the grass (Ammophila 
rs of the lake it forms sloping cherry (Prunus pumil and 
The surface layers soon dry three low willows. The marram gra 
it and the sand is caught up by the has tough rootstocks with sharp pointed 
wind and blown landward. It is uni- ends that make their way through 1 
form throughout and moves readily in’ sand and are constantly invading 
wind until it meets some obstacle areas. These rootstocks are oftet 
bit of driftwood or a clump of to twenty feet long, and together 
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FIG. 2. YOUNG DUNES ALONG THE SHORI 
EEDED BY A PANNE WITH COTTONWOOD SEEDLINGS FOLLOWED 





RIGHT BACKGROUND, 





THE SCIENTIFIC MONTHLY 


FIG. 3 4 PINE ASSOCIATION 


SHELTERED BY THE COTTONWOOD DUNES SE 


form a network that tends to hold the sands of these seedlings may 
sand in place. The sand cherries and every summer in these ** pannes 
willows are easily able to survive burial damp depressions in the dunes ar 
by sand as the dunes increase in size. Fig. 2). Most of these die dur 
One shrub thus becomes several, for scorching heat of July and Ang 
each stem or twig covered sends out new others succumb to the gales and 
roots and may soon become independent of autumn and winter, but 
of the parent plant. Shoots, too, come there a clump survives and 
up from the roots and assist in spread foundation of a cottonwood dune 
ing the shrubs. This grass-cherry-wil- These clumps of young cotto1 
low association sparsely spread over the form a living obstacle to the 
young growing dunes is the pioneer sand, and growing dunes are 
plant community (Fig. 1). These dunes are larger than thos 
In depressions that are caused by grasses and shrubs, as trees gro 
wind sweeps between the young dunes The cottonwood trees, however 
or that have come from the filling up of | the sand cherries and willows in sé 
lagoons surrounded by sand-bars, the out roots from trunks and sten 
sands are constantly damp, at least they are buried and in sending up shoots 
are damp when the seeds of the cotton- roots that are near the surface 
wood (Populus deltoides) are ripened in’ spreading and multiplying trees 
June. These downy seeds are short-lived gether with the willows and son 


but easily carried by the wind, and when grasses of the pioneer plant com! 


they fall upon the damp sand they ger- constitute the second plant com 
minate within twenty-four hours. Thou- upon the young sands—the cott 
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en community, the plants cover 


than half the surface of the 


SS 


s openness and the greater size of 
nes results in instability and mat \ aded., 
cottonwood dunes are constantly and changes 
As the new transtormin: 


from the lake 
As rain ta 


vy away 
Ss appear the older ones 

er and farther from the 

rer dunes afford the older ones some 
r and more plants come in. There 
Juniperus com 


j 
DanKSI 


passes down 
certain minerals 
te and carrying then 
the low junipers 
pines Pinus 
Andropogon 


beneat! The 
the Jack leaves that fall] 


with bunch grasses until they decay 


marius and a carpet of bearberries mingies with the 
with winter- sand. Dying roots also 


The resul 


tostaphylos uva-ursi 
ens (Pyrola and Gaultheria) twin to the 
wers and many other northern plants surface layers bee 
Juniperus vir hold more moistur 


will h 
Pinus somewhat acid react 


humus 
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me dark 


The red cedar 
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THE OAKS 
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FIG. 5. A BLACK OAK FOREST ON A LEVEL BIT OF DUNE SAND 


the vegetation are changing the sand 
into soil and making it ready for plants 
of a different sort. 

In the shade of their parent trees pine 
seedlings do not thrive. But scattered 
through the pine association are oak 
seedlings that grow the more vigorously 
beeause of the shade afforded by the 
pines. Hence in the competition which 
follows, the oaks gradually replace the 
pines (Fig. 4), and on dunes a few 
thousand years old there is a forest of 
black oak (Quercus velutina) with a few 
scattered pines remaining and a few 
white oaks, sassafras and basswoods 
(Tilia americana) coming in (Fig. 5). 

The oak forest requires more water 
than did the pines, hence the trees are 
not very large and they stand far enough 
apart to permit a great variety of shrubs 
and herbaceous plants to cover the forest 
floor. There are the dwarf and the aro- 
matic sumach (Rhus copallina and R. 
canadensis), the maple-leaved viburnum 
and the bush honeysuckle (Diervilla 


lonicera), the choke cherry and 
Jersev tea Ceanothus ame 


while on the more sheltered sloy 


the 
ri 


eS 


hazel (Hamamelis virginiana) and 


ering dogwood are crowing. 
ries and huckleberries show that 
is now acid. 

There are few spring flowers 
oak dunes, but from late sprin 
autumn frosts there is a sucee 
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in 
‘i 


ISS] 
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’ 


bloom that is unsurpassed. Before 


end of May the sand violets 
pedata) are in bloom. They 
lowed by showy blue lupines 
perennis) and the delicately 
hoary pea (Tephrosia virginia 
pink wild roses (Rosa blanda 


J 
are 
Li 
na 


white phlox (Phlox bifida). Then ¢ 


the yellows of the cactus 


Op 


rafinesquit), the frost weed (J/el 


mum canadense), the puccoon 


spermum gmelini), the coreopsi 
opsis lanceolata), and the false 


(Gerardia pedicularia) passing 
orange of the butterfly weed 


S { 
foxg 


int 


As 





THE PLANT COMMUNITIES OF THE DUNES 


By midsummer the sunflow the black, and other 
black-eyed Susans Rudbeckia wood and maple I 
and the wild bergamont (Wonarda come more numerous. The 
ta) begin to bloom and are fol- larger, they grow more rapid 
by blazing stars (Liatris), asters denser shade (Fig. 6 As 
ldenrods, while blue gentians and many of the summer blooming 
hazels are in flower when frost that were found in the black oak 
disappear from the 
changes now go on slowly, but forest. The shade pl: 
humus is gradually being incor- the sun plants disappea 
ited into the surface sand and the community is really meso) 
is from the oak leaves is less acid Changes continue until o1 
that from the pine needles. The dunes, that are perhaps mor: 
rs and their relatives have also been teen thousand years 
reasing the nitrogen content of the plant communities 
in a word, the soil is becoming hemlock  forest—bh 
ad ially better and better This forest de} 
The black oak association endures for deep; only trees that tolerate deep sha 
nturies with little change, but grad can grow in -it 7 trees are 
ily the better soil produces a better sugar maple, the beecl Fagus grandi 
rest. White oaks and red oaks folia). and the hemlock (T7Tsuga canaden 


Quercus borealis) gradually replace , a few basswood and tulip trees 
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FIG. 6. RED AND WHITE OAKS 


VITH AN UNDERGROWTH OF SUGAR MAPLE SEEDLINGS; A FOREST 
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FIG. 7. A CLIMAX FOREST OF MAPLE, BEECH AND HEMLOCK ON AN OLD | the dv 
(Liriodendron tulipifera) and some rem- The shade is so dense that most 
nants of the former forest such as an summer flowers have disappeared 
occasional red or white oak (Fig. 7). sand violets, the cacti, the lupir 


The other trees and shrubs of the oak butterfly weed and the sunflowers 
forests have disappeared, having lost out all gone. Instead, there have cor 
in the competition with the beech and host of delicate spring flowers and 
maple trees. shade plants that bloom in the 
This forest is regarded as a climax, summer. Early in the spring flow 
because it is the end member of a series the hepatica and bloodroot open an 
of forests that have lived, died and de- soon followed by squirrel’s corn, D 
ecayed to make the climax possible. man’s breeches and miterwort (1/ 
Then, too, it is the richest of all the for- diphylla); a little later there are 
ests in the region and it is able to repro- spurred, white and yellow violets, ¢ 
duce itself indefinitely—it is a perma- bellworts (Uvularia grandiflora 
nent climax. celandine poppies (Stylophorum d 
Within this forest shrubs are few, and /um), white rue anemones (Anem 
they are quite different from those thalictroides) and splendid masses 
found with the black oaks. There is an’ great white trilliums (Trillium g 
occasional red-berried elder (Sambucus florum). They are followed in th: 
racemosa) or a bush of the tough- summer by the white flowers of the sv 
barked leatherwood (Dirca palustris), cicely and baneberry (Actaea 
and some of the dune slopes are thickly while there are columbines (Aqu 
carpeted with the ground hemlock or canadensis) on slopes that get 
yew (Taxus canadensis). sunlight. Ferns, too, have app 
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are marginal shield ferns (As 


m marginale and Christmas ferns 


Polystichum acrostichoides) seattered 
roughout the woods, while the delicate 
hair (Adiantum pedatum) and 
volden 


‘aT hoide s 


spots 
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found in 
These 


plants ; 


are more 


sneite red 


jore common others quite 


as 


| beautiful may be found by the careful 
pserver 
This the 


plant community indicates a correspond 


richness and luxuriance in 


ng richness of soil quite different from 


the bare sand of the youngest dunes 
Digging down there is seen a mature 
soil profile of three distinct horizons. 


First. underneath the dead leaves there 
are several inches almost black with the 
and leaf mould; thick 
iver of gray sand with particles of a 


umus then a 


mould and with some minerals leached 
the soil above: while below 
itself 


Tron COMeS 


the dune sand practically un 
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SOMETHING ABOUT THE EARLY HISTORY 
OF THE MICROSCOPE 


By GUSTAVE FASSIN 
INSTRUCTOR IN MECHANICAL DESIGN OF OPTICAL INSTRUMENTS, 


UNIVERSITY OF ROCHESTER 


On the milestones to civilization we find the mirrors are mentioned Pliny 
names engraved of the men who have devoted ; 
their lives to the benefit of mankind. Let us 
dream back for a few minutes and pay tribute 
to the pioneers who laid the foundation stones torial combats. Seneca descril 


how Nero, being myopic, looked 1 
a coneave emerald to watch the 


for this temple of science which we are build- magnifying power of glass globe 
ing. with water. Burning-glasses, says P 
THE specially-shaped transparent ma- which were composed of glass balls { 
terials mentioned in some of our books with water were used by physic 
dealing with the most primitive civiliza- cauterize the flesh of patients. In 
tion are thought by modern writers to be Clouds,’’ Aristophanes (B. C. 423 
lenses. For example, the elliptical plained that the druggists of At 
quartz object which Layard found in the _ sold transparent stones for kindli: 
ruins of Nineveh was regarded by Sir or melting wax by solar rays. H 
David Brewster as a lens, and ‘‘Three however. there is no clue to their 
Crystal Magnifying Lenses of Modern or origin. 
Form’’ (small dises with one convex The first more or less scientit 
side) found in the Minoan tombs at scription of the magnifying pov 


Knossos in Crete, are reported by the shaped glass objects (plano convey 
British School of Athens (session 1926 this case ) is to be found in the b 
27) (Fig. 1). the Arabian mathematician Al H 

In the elassie literature of the ancients who died in Cairo in 1038. One 
we find several chapters where lenses or 









































DESCARTES’ ILLUSTRATION OF A 
MICROSCOPE. 





EARLY HISTORY OF THE MICROSCOPE 
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qui 
VAN LEEUWENHOEK’S ‘‘ LITTLE 


BEASTS.’’ AS PUBLISHED IN ONE OF 
HIS BOOKS. 


4 size. 
COMPASS MICROSCOPE. 
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dred and fifty Vvears lat 

1214-1292) suggested 
obtaining enlarged images 
through spherical transparent 
of suitable densities 

Although glass was know) 
earliest ages, the art of finishin 
very crude. In the thirteent] 
the Venetians. in their ent! 
the manufacturing of a highl 
mirror, were using a slow erind 
ess, known at that time for 
jewels. 


Onee the Technique ol Polls 


) Sicrnes 


came known, the manufactu 


spherical surfaces did not caus 


difficulty. The first application 


ished lenses was made in correct 
‘ wicnoncere WITH STAND eve. It is very difficult to deci 
the inventor of the spectacle 
hesitate between Signore Saly 
mato degli Armati, of Florence 
priest, Alexandre de Spina, but 
appearance of the spectacle 1 
fixed, without error, at the last 
of the thirteenth century. 
The principles of the 
o microscope were worked out by 
we OOO °8., nes and Zacharias Janssens, 
burg, Holland, about 1590. In 1691 


Bonani published a book giving 


; 
Ol 


CuFF OR WILSON’S POCKET 
MICROSCOPE. 
investigators engaged in micros 
research work. He mentioned, 
first place, Hufnagel, of Frankfurt 
in 1592 published a book about 
with 50 illustrations. Soon after 
series of books about microscop 
search work was published, and 
the Thirty Years’ War the simple ) 
scope was generally known. We r 
Descartes’ **Dioptrie et Meteor 
description of this instrument. H 
it ‘‘perspiculia pulicaria ex uno 
This means ‘‘flie-glass with one 
An illustration of this ‘‘flie-glass 
eurs in his remarkable’ work 
Fig. 8, LEDERMULLER’S MICROSCOPE ON Fic. 2.) 
SIMPLE STAND MADE BY BONAMI. is a lens: this is not an 





EARLY HISTORY OF THE MICROSCOPE 


ens DUL a COnVeXO-Lyperbdollic 

The entire nstrument 

in a frame ¢ The side of 

Ing the heht source 

or which eoncentrates the 
small object fixed on the point 
e E in the focus of the lens A 
; particular instrument was made 
d use, but Deseartes proposed a 

pe of larger size based on 
neiple. Here, however, we ob 


( 


ise of a condenser lens, instead 


irabolic mirror to coneentrate ti 


the object 
instrument show) 
lly used for the microscopical 

rmsects The yptical toy called 
e-glass’’ was well known. When 


famous priest Scheiner died, a **flie 


4g 


was found in his possession. His 
regarded he ‘‘flie,’’ seen 
rough the elass, as the devil and 
ked upon Scheiner as a magician 
The most famous of the microscopists 
t time was Antonie Van Leeuwen 
‘ik. who was born in Delft on October 


24 1632. and died there on August 26, 


» 


(23. He made his microscopical studies 
hobby, polished his own lenses and 
ule all the mechanical parts of his 
icroscopes himself. Through the docu 
ments of his time and also through his 
uublished works we learn that his lenses 


ere excellent and that he was a mastet 





making microscopical preparations 
1674 he eave the first accurate de 
‘ription of the red blood corpuscles and 
nvestigated the structure of the teeth, 
he crystalline lens of the eve and other 
hvsiological objects. In 1680 he stated 


it yeast consisted of minute globular 


irticles. Fic. 4 represents a micro 
ope as used and made by this scientist. works, 


represents nis 


A small lens is fixed between two bacteria found in ihe mout 
metal plates. On the one side is a speci them ‘‘levende dierkens rv *‘livine 
men holder, which can be moved up and tle beasts.’’ Reports of his diseovet 


e new formed Roval » 


down by means of a screw. A screw for | 
Clery ot Lond: 1 ati 


were sent ToT 
cusing was also provided. The illumi 
nation of the object was arranged, as in member of the soe ety In 1679 
Descartes’ instrument. A econeave For a lone time the optic: 
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OPTICAL MACHINERY AS USED IN THI 


EIGHTEENTH CENTURY. 

ance of Van Leeuwenhoek’s microscope 
was not improved nor even equaled, but 
the 
rapidly. 
example of what a man, animated with 


mechanical construction developed 


Van Leeuwenhoek is a brilliant 


the love of science, can produce. He 


was an amateur, not a professional 


microseopist. It is remarkable to see 
how he worked, basing his theory on his 
observations instead of on his philosoph- 
had the 
usual custom before this time: 

Musschenbroek improved 


ical reasoning, such as been 

Professor T. 
the mechanical part of the microscope, 
by making it possible to change the ob- 
jective lens in the microscope for differ- 
ent magnifications. Van 
had used a different instrument for each 
Musschenbroek built his micro 


Leeuwenhoek 


power. 
scope on a base so that the operator had 

He also used the 
the first 
provide a comfortable observing position 


the use of both hands. 
knee-joint stand for time to 
for the instrument. 

About the same period we find the 
Fie, 6 One lee 
the 
The distance between 


compass microscope 
of the 
other, the object. 


compass carries lens; the 
the two elements could be adjusted by 
A Descartes’ mirror 
This, 


means of a screw. 


was used for illumination. too, 


was a hand instrument. 


A real improvement Was nace 
construction of the instrument b 
muller, who ealls it a Cuff’s or VW 
pocket microscope Figs. 
Between an object holder A, 
men is pressed against a diap! 
The 


tube which screws 


means of a coil spring. 
mounted in a 
body tube of the instrument 
vides in this way an accurate 
This 


provided with a condenser lens 


device. instrument was 
terchangeable diaphragms mad 
eolored parchment or thn 
metal. 

Fig. 9 shows real progress 
chanical construction of this inst 
the microscope is built with 
A mirror for illumination is p1 
m,k,],i the different tools u 
this instrument. From 1704 to 17 
instruments 


are 
ereat number of 


type were made with slight 
ments. 

The photograph, Fig. 10, is on 
Adar 


London, which was provided wit 


first microscopes, made by 

volving nose piece with 8 lenses 
Johannes Zahn published in his ‘ 

Fig. 11, 


lus artificialis’ whiel 


Hooke ¢ compound mx roscope | 1a 


HoOoKE’S COMPOUND M1! 





EARLY 


GRAY ’S WATER DROP 


nts the machinery which was used at 
that time to grind and polish the lenses. 
The polishing of the very small lenses 
used in microscope objectives was a ver) 
difficult problem, and they tried in an- 
ther way to obtain a usable product 
namely, by melting the glass into ver) 
balls, which 
gave very good results; Professor Hart- 


small on some oeceasions 
ing tells us that with such a lens Hart- 
studied and this 
work certainly needed a very high mag 


‘*Prome- 


1 
soeker 


spermatozoa, 
nification. In a Dutch review 
theus,’’ 1895, Professor Brunk gives a 
complete description of the manufacture 
and use of such glass ball microscopes 

The inventor of this method, Robert 
Hooke, published in 1665 his ‘‘Micro- 


graphia’’ (written in English) which 


HISTORY OF THE 


MICROSCOPE 


contains 60 microscopical ol 
and deseribed wit) the vrreat 


accuracy. We 


made 


. } } 4 
find als a compe 


und 


The tube length was 6 


scription of a ‘‘comp: microsco 


Fig. 12 
inches, but could be 


very much lengt 


ened by means of several draw 


An object lens and two eye lenses 
used; one of these lenses was a field 


to reduce 


and ‘‘eould be eliminates 


refraction, by observation sma 


jects.”’ A 


glass ball filled with 


was used as condenser 
This microscope was manufactured 


1667. Hooke, 


disagreeable dispositi n. 


} 
although a man wit! 


Was a Thos 


His obser) i 


; ; 


tions were made with the greatest pre 


markable experimentalist 


cision and his microscopical drawings 


were full of details. In the description 
of his work he says, ‘‘ Then examini 
according to my usual manner by vary 
ing the degrees of light and altering 
position to each kind of hght. 

The Maria dela Torre 


monk Giovani 
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MICROSCOPE MADE BY PROFESSOR 
HERTEL. 


was famous in the manufacturing of 
small microscopic lenses, made by the 
smelting method, invented by Hooke. 

A very curious instrument was made 
by Gray, who used a very small drop of 
water as objective lens. Fig. 13 repre- 
sents the Gray’s microscope. The open- 
ing A held the small drop of water that 
served as objective lens; the object was 
fixed on the beak F or in the opening C 
when infusoria were to be examined. 

Griendl| Van Ach was famous for his 
eood microscopes. He assembled plano- 
convex lenses following a method given 
by the Italian Divini. The convex sides 
of the lenses were turned toward each 
other, and the whole objective was a 
combination of three such pairs. 

About 1750 Ellis and Van Cuff manu- 
factured a microscope with a construc- 
tion comparable with the more modern 
microscopes With this instrument 
(Fig. 14) he made a remarkable study 


of corals The use of a 

was well known in his time 

the first to build this lens into a 

ical device, so that LOCUSINeG Was } 

Charles Darwin, 100 vears later 

similar instrument in his resear 
A micro-foeusing device or s 

tion screw was suggested by P: 

and first applied in a type of mi 

made by the English manufactu 


The German Professor Herte!] 


combined in his microscope all 


feetions of the eighteenth cen 
this instrument, however, the 
device was incorporated in the 
together with a device, similar 
modern mechanical stages, for 
the stage from left to right and b 
forth. Kies. 15, 16 and 17 


In England Marshall, Cuff. Bal 


Jones now became well known f 


instruments—especially Marsha 


manufactured powerful objective 


made them interchangeable 
The greatest step forward in 


MICROSCOPE BUII 
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first | 
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EARLY HISTORY OF THE MICROSCOPE 


ties of the microscope was made through 
he manufacture of achromatic lenses. 
The first achromatic objective for tele- 


seopes was made by John Dollond 
1706-1761), following the suggestion 

Leonard Euler, the mathematician. 
Some scientists claim that credit for this 
is due to Chester More Hall (1722). 

The first achromatic objective for the 
microscope was presented by the Rus- 
sian state counsel Aepinus in 1784 to the 
Academy of Science of St. Petersburg. 
This instrument had an objective of 7 
inches focus, and, therefore, a very low 
magnification. Its length of 3 feet made 
it very difficult to handle. 

The first useful and good achromatic 
objective was made by the Dutch cav- 
alry officer, Frans Beeldsnyder, in 1791. 
It was composed of two convex lenses of 
crown glass with a bi-convex lens of 
flint glass between them. The focal 
length of this lens was 21 mm and it had 
wonderful definition. 

The first achromatic microscopes were 
constructed by Van Deyl and son, and 
Fraunhofer in Miinchen, but the mag- 
nifieations were low and the competition 
with the simple microscope difficult. 
Selligue’s idea of using a series of sev- 
eral achromatic systems was worked out 
by the brothers Chevalier. With the 
realization of this high power achro- 
matic objective the simple microscope 
was superseded. 

The same brothers Chevalier were the 
first to cement the lenses together with 
Canada balsam. Amici, French mathe- 
matician, improved in 1815 the objec- 
tives by turning the lenses with their 
plano side toward the object, so reduc- 
ing the spherical aberrations of the 
Chevalier system in which the convex 
side was toward the object. Amici was 
also the first to use one complete objec- 
tive for each magnification instead of 
screwing the lenses together to make 
more or less powerful combinations. 











Fic. 17. MIcROSCOPE 


EQUIPMENT CONST! 


BoNANI. 


The immersion system and th 
ing of the objective for the thickness of 
the cover-glass were Amici’s inventions 


} 


Ross and Wenham made their obje 


tives adjustable for different thickness 
of cover-glass—a technique which is still 
in use. 

In Europe, with Zeiss, Abbe 
Schott, the microscope reached its high- 
est perfection. In the United States, 
Spencer and Bausch and Lomb were the 
pioneers in the field of microscope manu 
facturing, and their daily contributions 


and 


toward science and industry are of ines- 
timable value. 

This brief history of the early micro- 
scopes brings us up to the closing quar- 
ter of the nineteenth century. Even 
then there was much left to be done. In 
1870 there were only 50 microscopes in 
this country. In 1930 there 
least 50,000 in use. 

This great development was influenced 
partly by the steady growth of scientific 
activities, but great credit must also be 


were at 


given to the early microscopical societies, 
with their large memberships of amateur 
These did for 
the microscope what the radio amateur 
did for the advancement of radio. Now 
that science has made the instrument its 
own, there are few amateurs left, but 
microscopy still remains one of the most 
fascinating of pursuits. 


microscopists. amateurs 





OPTICS AND MODERN PAINTING 


By Dr. ROGERS D. RUSK 


DEPARTMENT OF 


THERE is perhaps no field of thought 
in which pseudo-scientific explanations 
more in 


confused or 


in the opties of mod- 


have been more 
actual error than 
At the same time these declara- 
tions have with an of 
finality and authority that could searcely 
be more misleading, and they have mas- 
queraded under an apparent profundity 
which at least to the layman was incon- 
The reason may be that the 


ern art. 


been made air 


trovertible. 
problem of the artist when stripped of 
its intellectual and emotional attributes 
is purely an optical one and yet the 
artist is not often a scientific expert in 
optics, but rather he is one who would 
forget science in his search for what is 
‘*not-science.’’ In no art, however, ex- 
cept music is the technical basis of the 
art more exacting or more clearly de- 
fined than it is in painting, and as little 
as the artist may care to admit it, or as 
little as he may care to consciously cater 
to it, optics in one form or another is a 
chief essence of his object and method. 
Primitive man attacked the problems 
of rendering form in two dimensions on 
the walls of his cave, and in three dimen- 
sions on his totem poles and images, but 
it was not till the time of Piero della 
Francesea in the fifteenth century that 
the first real conquest was made of the 
problem of representing three dimen- 
sions on a two-dimensional surface. One 
by one the various optical problems in- 
volved in painting have been thus at- 
tacked—chiaroseuro, perspective, shad- 
ows, design, and finally the problem of 
color, about which the Impressionist 
group was so greatly concerned and with 
regard to which there is yet so much 
misstatement and mistaken thought. 
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MOUNT HOLYOKE COLLEGE 


+ 


In the latter part of the ninet 
century the little group of Impré 
ists fostered by Manet and Monet 
the use of ¢ 


1 


light which in due time became thy 


duced a new era in 


important influence in modern pai! 


In this same century came that rer 
able development of the 
of light in which the supremacy 
Newtonian 
thrown by Young and his followers 
the wave theory was accepted. Furt 


modern 


emission theory was 


{ 


more, the scientific principles of 
relation were being formulated by ¢ 
reul, Helmholtz, Maxwell 
and these new discoveries opened 


and 


wide horizons and presented a staten 
of basic principles hitherto unr: 
nized. Such new levels of thought 
action, whether technical or esthetic 
noteworthy for the way in which we su 
denly come upon them, although 
preparation may have been quietly g 
on for generations, and it is not surp: 
ing that a new era in art should ace 
pany this technical revolution 
closely related a field. 

There is even a deeper philosop 
basis for the change in view-point. T 
Kantian philosophy had swayed Euro; 
and had ealled attention to the diff 
ence which must exist between things 
we-see-them and _ things-in-themselves 
The positivist had gone much furt! 
and said that we must only talk in terms 
of sense-impressions. Ruskin and ev 
Chevreul had applied the term ‘‘impres 
sion’’ in art, and Manet in 1867 
staunchly asserted the right of a paint 
to render his own personal impress! 
When, along with others, Monet 
this term in the title of his pictur 


tala lhl 
LKaDL 


war? 
Lh. 


Salon 


group 


no ene 
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n, soleil levant 
1874 it became fixed 
a name to signify 
in spite of Monet’ 


+ 


being tagged by 

Impressionism with 

Ss which is imp 
movement toward 

and a bold use of 
} } : 


. sled . Car 1 
r reiations, Ior 


ltovether satisfying 
-hromatism, divisionism and 
moluminaristes’’ have been 
After all it is per! aps best 
y and displace a term so gen- 
vecepted and which carries with it 
phasis on more than the merely 
nical phase of the movement. central nerv 
Without the name, and without even’ ceive its share of er 
e group, the revolution in painting haviorist would hav 


1 
| 
i 


uld have come sooner or later under ing biographer’ of Mon 

some name and with some group because declares that he possesse: 
e way had been paved by the neces- eye, which led him to pa 

sary advance in optics. Whether or not were ‘‘perfect demonstr: 

we have passed beyond the immediate theory of atomic dissociation 

‘ircle of influence of Impressionism or statement can be taken as hardly 

Post-impressionism is likewise unimpor- than pseudo-science at its worst. U 

for no matter which way the pen-_ tunately for the figure of the great 

lum swings to-day the influence of the which is pleasant 

new optics of light and color is unmis- ability of an artist ¢ 

takable and lasting. It furnishes a in one member and 

powerful technique for the artist to use artist must have a 

as consciously as he pleases. It reveals A statement as defi 

to us the world of color in which we live, common optical prir 

and furthermore it parallels the interest ‘“‘spectroscopic eye’’ 

f the scientific world in the light which attributed to Sargent, wh« 

furnishes our world with life and color colors were produced on 

ind which purveys to us most of our by his astigmatism. Ho 

knowledge of the universe from stars to prominent effect of 

toms well-known blur of 


No artistic movement in modern times with sharp focus of 
‘ver suffered more resistance nor were and headaches rather 


its adherents held up to more public are the prevailing results of such 


‘alumny and actual shame than those as plenty of astigmati 
who were officially barred from the Color effects, if they did 


i 


Salon of 1863, who first exhibited as a probably provide surprising colored bor 
group in 1874, and who received little or ders to objects, and in no way the effects 


no encouragement till the eighties. How- 1Camille Mauclair, ‘‘Claude Monet,’’ p. 29 
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reported on canvas by Monet. It is true 
that Monet suffered from eye weakness, 
and long exposure to bright sunlight 
may very well have hastened his failing 
sight, but the Impressionist movement 
ean hardly be attributed to this, and 
rather it must be thought that Monet 
achieved his results in spite of weakness 
of vision. 

A more obvious effect of astigmatism 
is the lengthening or shortening of an 
image, and this has been often invoked 
to explain the elongated images of El 
Greco. Indeed by holding a correcting 
astigmat lens before an El Greco figure 
it shrinks to very much its natural pro- 
portion. Unfortunately for this theory, 
however, El Greco’s earlier pictures were 


in normal proportion, and the distor- 
tions suddenly came to him on his visit 
to Toledo from Italy. Now it is a well- 
known fact that astigmatism is a very 
slowly progressing defect, if it progresses 
at all, and by no means does it attack 


one with such furious suddenness. 
Furthermore, and most unfortunate of 
all for the theory, El Greco painted at 
least one picture, ‘‘The Burial of the 
Count of Orgaz,’’ in which appear both 
distorted and undistorted pictures at the 
same time. We are left to fall back on 
the not unsatisfying conclusion that El 
Greco knew very well all the time the 
effects he desired and the means he pro- 
posed to use to gain those effects. 

It is in the subject of color theory, 
however, where the most egregious blun- 
ders are committed, and these are the 
more to be regretted because of the many 
who have pretended to write on the sub- 
ject of color under the cloak of more or 
less technical authority. There may be 
some excuse for certain lesser blunders 
in the fact that even to-day artists and 
scientists in optics may haggle over the 
use of terms in spite of committees that 
have been appointed to iron out their 
differences. There is no excuse, how- 


ever, for such an error, a comm 
must regretfully be admitted, 

in a standard book on modern 
painting.’ It is stated in illustrat 
the blending of closely juxtapos 
tral hues that a more brilliant 
to be obtained not by mixing 
representing the adjacent hues 
and blue, but by the light 
closely juxtaposed pigments mixi: 
blending in the eye. Unfortunat 
low and blue are the only two 
the spectrum which when blend: 
eye will not produce the color 
between them, but quite on the ¢ 
in the proper proportion they 

a white considerably reduced i: 
ness. 

This goes back to the whole n 
ception of color of Sir David PB: 
and others, which Sir David 
pounded not wisely but too we 
the middle of the century and w! 
called severely into question by 
holtz in 1852. Indeed, it was 
fact, that green is the one co! 
can not be produced by blending 
colors in the eye, which had led Y 
at the very beginning of the centu 
assign green as one of the three pr 
sensations of the retina. This 
ment later disputes have failed t 
place, but it had to be rediscover 
Helmholtz in Young’s earlier pa) 
Then once and for all became crys 
lized the famous distinction bet 
the ‘‘red, green, and violet’’ prin 
necessary to explain the additive eff 
of colors blending on the retina, a: 
‘fred, yellow, and blue’’ prin 
which had long been used to explair 
subtractive effects of mixing pign 
The difference between mixing pig! 
and mixing colored lights in the eye 
a long time being straightened out 


straightened out it has now beer 


H 


2Jan Gordon, ‘‘Modern French Painters 
p. 22, 1923. 





OPTICS AND MODERN 


lay and there is not the slightest 
wr such errors being perpetuated 
by art critics or by pseudo-scien- 
Indeed from the notes of Leonardo 
' it appears that even he had rec- 
d the uniqueness of the green. 
what of the other colors which 
timately blend to produce that 
vated in the spectrum between 
A second fallacy now appears 
se of the simple fact that there is 
ywhere near complete blending of 
rs in the eye as there may be in 


y 4 ara 
SVOw di 


unless the s] 


++ lf 
A sci 
. 


small or the distance of the 


r absurdly large. A simple experi- 
will show this, and it is usually a 
rise to the experimenter to observe 
far away quite small spots of juxta- 
sed color of different hues can still be 
hserved One ean 
ppreciate this by backing away from a 
even as delicately and 
nutely as Seurat’s ‘‘La Grande 
It was to get around this diffi- 

y that the later 
led pointillism experimented 
ler and smaller spots, only to find 
and 


as separate spots. 


ture done 


exponents of so- 


with 


that as the spots became smaller 
smaller the time necessary to apply them 
ne longer and longer, and the mo- 
produced was less painting in the 
ry sense and more and more a 
‘rom the view-point of optics a good 
to aid the juxtaposed colors in 
nding together would be to produce 

i slight rapid motion of the object so 
it the retinal images continually over- 

p or are successively superposed as 
may be easily shown by experiment. To 
this suggestion to its unhappy 


pursue 


gical conclusion, it might seem best to 
ing Impressionist pictures from a kind 
' electric vibrator. However, one can 
Searcely imagine the justifiable amaze- 
ment and indignation of the esthete on 
ntering a gallery and beholding favor- 
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the eye. 
which reproduces 
+) \ttar © 


hesS or tne s§ 


When the eritics 8] 


rillianee so obtai 


} 
be interpreted 


in the physical 
may not receive 
from the area 
juxtaposed hues 
ment were sprea 
That is 


the question of ref 


areas. 


the chemical a1 

ing pigments. 

so used as to 

not mere br 

recornized. pome | 

to convey this 

ment in the optic 
We see 

brought wi 

and 


trast, and 


use Ol 


problems of 
tions on the 
eolor combinat 
The major credit 
first statement of t! 
contrast 
the chemist, in spit 
labored under son 


conceptions. 
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tion to colors in the interest of 
Gobelin tapestries and published 
significant treatise on the laws of simul- 
taneous color contrast in 1839. The 
problem presented to Chevreul was sim- 
ply why does black cloth sometimes seem 
black, sometimes seem a rusty brown or 
sometimes a deep blue? Surely a chem- 
ist of such fame should be able to tell if 
the dyes are at fault, and if the cus- 
tomers who have complained have the 
right to financial redress. To answer 
such a question the chemist proved his 
ability by turning physicist, and in the 
end enunciating laws more fundamen- 
tally psychological than anything else. 
The problem, however, was not new. 
The artist of to-day speaks of a color as 
**telling’’ differently on the picture than 
alone on the palette, and in the early 
days of painting with limited colors this 
fact was fundamentally important. A 
gray in the eyes often would ‘‘tell’’ as a 
blue. Such deception through contrast 
was well known, but its laws were not 
known until the work of Chevreul by 
whom they were first set down in logical 
form. 

Chevreul also saw that the so-called 
local color of an object might be one 
thing, but its appearance under differ- 
ent illuminants was something else. The 
surface atoms of a substance not only 
may not tell us of the underlying real- 
ity, but they tell a different story under 
different kinds of illumination. To-day 
we know that when a surface appears 
blue it may actually be reflecting quite 
a range of wave-lengths, and blue may 
simply be the predominating effect 
which has been registered by the eye. 
It is the old story of the difference be- 
tween the Kantian phenomena and 
noumena, and through it we are led to 


the positivistie view that for us as ob- 


servers the sense impressions are the 
important things. Chevreul showed 
that these sense impressions are relative, 


and so as Einstein put relativity 


world of space and time, so al 


Chevreul put relativity into the 
color. 

The first step in the redise 
reality through the medium of 
light was the return of the nai 
nition that green leaves might be 
green, and later came the elin 
covery both in optics and by 
themselves that green leaves n 
painted orange, blue, violet or a: 
eolor, depending on a variety 
trolling factors. Later in the 


Rood was to publish in his book a 
showing that green leaves actua 


flect, in addition to some white | 
only green but also strong y: 
red. These ordinarily blend 
retina to give a yellowish g 
when such leaves are viewed in t 
of an intense blue sky they ma 


a much bluer green, or in the light 


setting sun more nearly a red or 


Delacroix was the first of the n 


to rediscover the world of color 
example, his Massacre of Scio 
1824—and his biographers ass 
his interest was so great whe 
ries of Chevreul were later 
that he studiously constructed 
his own and made an attempt 
Chevreul in person, which w 


frustrated by illness. The world 


owes much to Delacroix, but 
Manet years later who was alw 
nized as the leader of the group 


so regularly on those Friday eve 


the Café Guerbois and who put 


movement on its feet. Accord 


Duret it was Manet who gave M 
inspiration which led to the m 
as we now know it. Manet’s g 
led him to a use of clearer ar 


eolor and to that elevation of the 


the palette necessary to repres 


pearances in sunlight. That sam: 


led him to a recognition of thi 
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sprea 
able { 
and ] 
write: 
in An 
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short! 
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causi! 
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aracter of local color and to the recog- 

tion that shadows may not be mere 
absences of light but simply regions of 
esser illumination, where colors inter- 

ay on a lower key. It was inevitable 

at along with increased color-sense the 
key of the palette should be raised more 

nd more—likewise inevitable, perhaps, 

that to-day the key of the palette should 
have sinking tendencies—a natural reac- 
tion, the true measure of which we can 

t yet take. 

In the middle of the nineteenth cen- 
tury discussions on the nature of light 
filled the air (perhaps one should say the 
Maxwell was about to bring out 
theory. 


ether). 
is famous 
Photography had arrived and was being 


electro-magnetic 
eagerly accepted. Rousseau, to a certain 
extent Corot, and others of the Barbizon 
school had into the fields and 
painted effects as they saw them, not as 
they imagined their ultimate realities to 
be. Small that sunlight 
and appearance came to mean something 
in themselves, and small wonder is it 
that these things should point the way 
for discerning minds toward a new 
trend in color. The original scientific 
labors of Chevreul, Helmholtz, Maxwell 
and others were ably seconded in 
spreading the new knowledge in palat- 
able form, especially as it referred to art 


frone 


worder is it 


and painting, by several more popular 
writers and commentators, chiefly Rood 
in America and Von Bezold in Germany. 
These texts, which were published 
shortly after the Impressionists became 
consolidated as a group, were translated 
into several languages and one can not 
doubt their ultimate direct effect in 
causing the acceptance of the movement 
and at least their indirect effect upon the 
leaders themselves. Strange as it may 
seem, there is serious question as to 
whether Monet and some of his contem- 
poraries ever looked into any of these 
books. They were concerned with paint- 
ing, not in studying optics, and their 


PAINTING 

ideas of the new trends of 
were perhaps obtained sec 
their glasses of wine in studi 
perhaps through their acquaintance wit 
the enthusiastic Charles Henry. Seurat 
certainly studied the texts with avidity 


tinge his 


in eonstruc O 

and also Sienaec, whi 

the movement in his 

croix to Neo-Impress 

even made a pilgrimage 

cuss matters with Chevreu! 
However it was that 

tise got so el 


OselLV 1 reti 


great movements, the scle 
esthetic, it is true that in 

the Impressionist movement their fi 
mental proposals harked back more 1 
Newton and his prism than to Chevrs 
and Helmholtz. Newton had shown that 
sunlight on being p: throug! 
prism is spread out a rainbow ban 
and he indicated the : 

spectrum, now more reduced 
Six. 


knows, these six colors seem 


In this rainbow band, as every « 
to stand o1 
and hence we speak of the six spect 
colors: red, orange, yell ww, green, blu 


and violet. 


ous sequence 


Optically there is a cont 
of wave-lengths from 
longest to the shortest, and somethi 
like a thousand di 

be detected by the eye The selection 
six is hence a purely psychological ma 
ter. At 
under the blessing 
the 


fferent hues can 


any rate the idea grew that 
of Newton’ 


appearances 


Ss exper 


ment with prism 
sunlight should be represented 


so-called six spectral hues 

in various spottings and juxtapositions. 
White was to be used to raise the k 
t, and 


from the s 


‘ 
1 | 


{ 


the palette toward that of sunlig! 
black was to be banned 


ows where lower lights and compleme1 


tary eolors were to creep 1n. Thus was 


the formula set forth for him who could 
to follow. 
The 


served by Leonardo and later by New 


colors in shadows had been ol 
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ton, and the idea of their complementary One after another of these 

and partially subjective nature gradu- contrast, divisionism, spectral hue: 
ally grew through the labors of Brew- high keys was pushed to its lin 
ster, Fechner, Plateau and others. As those whom we now know as Impres 
for the principle of juxtaposition its ists and their followers, and so d 
origin is less distinct. It has been a_ pressionism and its attendant 
favorite game of speakers and writers on wax and wane. So also did these ; 
the subject to trace juxtaposition back to ers in one experiment after 


this or that painter—Delacroix, Con- establish and reestablish the new 


stable, Turner or Watteau. But it is in their own domain, partly 
difficult to tell how much of the germ of conscious effort to do so, partly t 
the idea was there. While one is in the conscious attempt at realizing 
mood for such a game it is not difficult mew esthetic aims, and partly thr 
to further trace the germ back to dim unconscious striving. To a 1 
Leonardo and even to Aristotle. There ment which has had, and will e 
were among the ancients some very keen to have, so much influence on m 
observers and often they set forth with art we certainly owe a better and 
inadequate logic what has had to be re- complete understanding of its 
discovered many times since. basis. 
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OCCURRENCE 


OF OIL 


NATURAL GAS 
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DALLAS, TEXAS 


creat many ways we are all di- 

y or indirectly interested 

um. Natural gas, widely used for 

ting and cooking in many parts of 
United States, 
leum. Crude oil 
erude oil are made such products 
asoline, naphtha, candle wax, lubri- 

i oil, and so on. 

‘rom a different angle, many of us 


is one variety of 
is another; and 


ss securities in the form of bonds 
tocks in companies organized to drill 
petroleum or to refine and market it. 
sause of these diverse interests which 
have in petroleum, we ought to know 
» about it, how it oecurs in its natu- 
| state underground, and how it is dis- 
ered and brought to the surface. 
The name ‘‘petroleum’’ is applied to 
1 group of solids, liquids and gases, all 
mposed of hydrogen and carbon in 
Among the solid 
asphaltite and ozokerite. 
includes the liquid forms. 
Natural gas will be used in this article 
for the gaseous forms, although actually 
there are other natural 
ellum and carbon dioxide. 
‘rude oil and natural gas are found 
In minute openings in These 
penings are usually the pores between 
he grains of a sand or sandstone or 
small open spaces in limestone. That 
there is considerable space between the 
grains of a sand may be demonstrated 
by filling a jar of known capacity with 
sifted sand of uniform grain. After the 
jar is full, as much as 30 per cent. of its 
capacity in oil or water may be poured 
in to fill the voids between the grains. 
In its rock form of sandstone, the total 


various proportions. 
forms 


are 


Crude oil 


such as 


Vases, 


rocks. 


pore space 1 

per cent., 

the small ones partly 
the 
there is usually some mint 
which has been deposited 
grains, 

gether to make the sol 
oil-bearing rocks the pore space am 
to at least 15 per e 


tween larger ones 
een 


thus helping to bind thi 
id rock. 


volume. 

In the past history of the eart! 
sheets of sand, mud and limy material, 
many square miles in extent, were 
down one upon another on the bro 
shallower parts of the sea floor, in 


much as they are laid down 


day; and during the long period 
their deposition, these older sheets 
been gradually buried, compressed, some 
and more 
Thus, we 


these 


times hardened into rock, 
less warped and broken. 
find some regions 
strata called 
mudstone, and limestone 
having been bent in br 
folds, which are called 

fold is arched upward, and synclines if 


that in 
now sandstone, sha 
show signs « 
vad wrinkles or 
anticlines if the 
the fold is trough-shaped. The wrinkles 
in a blanket or in a piece of paper which 
has dried unevenly after wett 
with the 


compared great ar 

troughs in rock strata (Fig. 1 

When rock 

the masses on the two sides of the 

ture have often slipped, one block mov- 

to the other 
: 


iayers have been 


1rac- 


ing downward with respect 
These 


the rocks which 


fractures are called faults, an 


1d 
have been broken and 


have slipped against one another are 


said to have been faulted (Fig. 1 


167 
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Fic. 1. 
WHICH OIL AND GAS MAY BE ASSOCIATED. 


‘*PAULT’’ AND THE ‘ 


VERTICAL CROSS SECTION TO SHOW THREE PRINCIPAL TYPES OF GEOLOGIC STRUCT! 
THESE THREE TYPES ARE THE 
‘LENS.’’ a,b,c AND d ARE OUTCROPS OF THE SAME ROCK FORMATIO} 


** ANTICLINI 


IT APPEARS ON THE SURFACE OF THE GROUND (SEE Fa. 2). 


Rock layers are not all of uniform 
thickness. Indeed, they are much more 
likely to vary, and they may thin to such 
a degree that they wedge out altogether, 
as illustrated in the ‘‘lens’’ in Fig. 1. 

Any of these forms in which rock 
strata are found in nature are called 
geologic structures. There are many 
kinds of geologic structures, but anti- 
clines, faults and with their 
numerous modifications, are the prin- 


lenses, 


cipal varieties in which we are now in- 


terested from the standpoint of pe- 
troleum. 

It is commonly true that water, usu- 
ally salt water, is contained in the pores 
of sandstones and other pervious rocks, 
at depths of a few score of feet, to sev- 
eral thousand feet below the earth’s 
surface. Quite possibly these porous 
layers have been filled with water since 
they were first laid down, but if so the 
original water has probably been re- 
placed or modified by underground cir- 
eulation and chemical action. 

Where oil and water are associated to- 
gether, either in an open vessel or in the 
pores or openings of a body of rock, the 
oil takes a position above the water, be- 
cause it is lighter than water. It floats 
on the water. Also, if gas and oil are 
contained in a closed vessel, or in a por- 
ous rock capped by an impervious layer 
which prevents escape of the fluids, the 
gas, being the lighter of the two, will 
rest upon the oil. 

Porous rock strata, such as sandstone 





and limestone, if overlain by impe 
layers, may contain oil and gas 
they have been bent in anticlir 
where they have been faulted, or 
they wedge out in a direction yy 
slope (called the ‘‘dip’’) of the 
These three cases are shown in 
where XY is a porous sandstone 
Note that in each case, true to t} 
cific gravity relationships, gas 
stippled) is found in the upper part 
the structure, oil (solid black) is 
below the and water (co: 
stippled) lies below the oil. If only 
and water are present in the por 
the rock, then the oil oceupies th« 
part of the structure. 

To describe the geologic structur 
which oil and gas may occur is eas) 
to discover such structures is diffi 
In the earlier days of geologic ex; 
tion for oil, between 1905 and 
search was made, on the surface 
ground, for outcropping layers 
which could be mapped and whic 
their distribution and dip (tilt 
clination), indicated the nature 
geological conditions underground (Fig 
1). Thus, the more conspicuous st! 
tures were located. But later, as 
search for more structures continu: 
surface evidences were found to bi 
and more obscure, and consequent 
more and more refinement and care ‘ 
needed in geological work. Recours 
was had to diamond drilling to se 
core samples of the rocks; to airp! 


gas, 


Fic. 2 
STIPPL 
WHERI 
STONE 
BEEN 

BEEN |] 
THE I 
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mapping; and to the application of 
several kinds of highly technical meth- 
for examining the magnetic, elec- 
and other physical properties of 
‘ks below the ground surface. 
The point to be emphasized here is 
it the search for new geological struc- 
gas accumula- 
difficult as 
Moreover, no one ean tell 


tures favorable to oil or 
n becomes increasingly 
time goes On. 
m the surface whether porous strata 
present on the structure, and no one 
in tell whether such strata, if they are 


will be found to contain oil or 














Fic. 2. RELATIONS OF OIL (BLACK), GAS (FINE 
STIPPLING) AND WATER (COARSE STIPPLING 

WHERE THEY ARE FOUND TOGETHER IN 
STONE LAYER (XY), 
BEEN FOLDED IN AN 


A SAND 


WHERE THIS LAYER 
ANTICLINE ‘A), OR HAS 
BEEN FAULTED (B), OR WEDGED OUT UPDIP (UP 
THE INCLINATION OF THE STRATA) (C). NOTE 
THAT THE GAS IS ABOVE THE OIL, AND THAT THE 


OIL IS ABOVE THE WATER, SAME 


HAS 


ALL IN THE 


SANDSTONE RESERVOIR ROCK. 


mr P 
] ne best 


what he 


vas. 
map 


} 


Structures and, 


the results of 
Ing area 

as to 

and for oil or g 
ing but the drill 
It is well worth 
that 
actual disc 


any person 
Vv ery 
that o1] 


ticular locality 


‘*knows’’ 


spot, LS 


nated 
claim; and any wr 

purports to be a 

reliable if, in the same manner, 
author professes to | lefi 
edge of the presence 
not yet been actual 


Where the oil and 


how they collected where t] ey are 0 


fas Came 


found are two problems not yet settled 
by scientists. We feel certain that most 
petroleum is a product from the decom 


position of organisms, 


but 


probably bot 
animals and plants, we do not yet 


know the exact processes of this decom- 
position ; and we are fairly certain that 
localities where 


the oil and gas in many 


they now occur have gathered there by 


moving through rock pores or oth: 
channels from the surrounding 


yet we do not know just how tl 
moved. 
cerning the origin 
troleum remain in ol 

Formerly, before 
oil occurrence was under: 
vailing idea was that it w 
unlimited in supply and tha 
from place to place more or 
derground rivers. What ideas were he 
were for the most part rather 
now, ' 
derived from tens of thousand 
know that both oil and 
though they are in 
TOCKS, 
bounded 


with a vast store 
we 
the small pi 

definitely 


occur as isolated, 


oIten relerred 


accumulations, 
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to as ‘‘pools’’ or ‘‘fields.’’ We also 
know that within each such pool the oil 
and gas are under pressure, due partly 
to the weight of the overlying rocks and 
partly to hydrostatic pressure from the 
water flanking the oil within the porous 
rock. And finally we know 
while under sufficient pres- 


reservoir 
that the gas, 
sure, serves as a most valuable agent in 
moving oil through the pores of its con- 
taining rock to the lower end of the well, 
and then in lifting this oil through the 
well to the surface. In this way the gas, 
as natural energy within the reservoir, 
is of very great importance in facilitat- 
ing the extraction of oil from below 
ground. 

Any method of development—and by 
‘‘development’’ we mean drilling the 
wells and producing the oil—which dis- 
sipates the reservoir energy, by wasting 
the gas, or taking the gas out of the pool 
unequally, or taking it out too rapidly, 
reduces the efficiency of the energy avail- 
able in the reservoir and thus reduces 
the quantity of oil which will eventually 
be recovered. Wide experience in many 
regions has shown that evenly spaced 
wells throughout the area of the pool are 
more conducive to maintenance of reser- 
voir pressure than uneven spacing where 
the wells are crowded together in some 
places and wide apart in others; and ex- 
perience has also shown that the decline 
in reservoir pressure which is generally 
observed in producing fields can be re- 
tarded and kept more uniform by regu- 
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lating the flow of oil in all the we 

stead of allowing them to produce wide J ( 
open. A gusher, pouring out hundreds 
or thousands of barrels per day 

thrilling particularly { 

owner, but as long as it flows unbridled N 
and without consideration of its r 

to other wells in the field, it is tres; 

ing on the prospects and the rig 

other owners in the pool, both « 


sight, 





leases and owners of royalty alike ON] 
Unless a pool is drilled and o; the st 
systematically and efficiently, wit tion ¢ 
regard for the proper utilizati some | 
reservoir energy, not only are th ture 
vidual rights of the owners jeopard bser' 
but—more important—oil in large natur 
tities is left underground where it Ipon 
never be recovered. No matter rapid 
carefully the wells are drilled and pheno 
erated, there is always a certai! 
centage of the oil which can not eye 
tracted, and which is therefore left light f 
the pores of the reservoir rock; but one sl 
poor practises in drilling and operating, [— In fa 
a much larger proportion of the oi makes 
inally present in the pool may movin 
manently left in the ground. evectr! 
Petroleum is one of our greatest aunt 
their 


tional resources. It is a diminis! 


asset which we can not afford to Uasnes 





It should be wisely produced and w have 
utilized. Not only for the sake of quired 
erty-owners in the pool, but als the re 
national obligation, every oil a1 sorbed 
pool merits the application of or times 
and scientific methods of developm: = second 
The 
we art 
ise mM 
our eve 
in div: 
second 


averag 


shorte1 


we Cor 
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MEASURING A MILLIONTH OF A SECOND 


By Dr. J. W. BEAMS 


PROFESSOR OF PHYSICS, UNIVERSITY OF VIRGINIA 


One of the surprises encountered by 
the student in science is his first realiza- 
tion of the amazing speed with which 
some of the elementary processes in na- 
ture occur. Accustomed as he is to 
‘bserving things through his senses, it 
naturally considerable tax 
on his imagination to visualize the 


imposes a 


phenomena are taking place round about 

him. For example, the average human 
eye can not distinguish two 
light flashes that occur in less than about 
one sixteenth of a second of each other. 
In fact, it is this property of the eye that 
makes possible the smooth continuous 
moving pictures, or causes the familiar 
electric light or neon sign to seem con- 
tinuous without flicker, even though 
their light usually consists of a series of 
flashes. On the other hand, experiments 
have shown that the actual time re- 
quired for the light itself to stimulate 
the retina, or, in other words, to be ab- 
sorbed by the eye, must be millions of 
times than sixteenth of a 
second. 

The ordinary stop-watch with which 
we are accustomed to making our pre- 
ise measurements of the time, between 
our every-day events, is seldom graduated 
in divisions of less than one tenth of a 
second because of the inability of the 
average individual to operate it in 
shorter times than this. However, when 
we compare this one tenth of a second, 
or the shortest time we could possibly 
measure with our ordinary stop-watches, 
with the time required for atomic or 


between 


less one 


molecular interaction to take place we 
find that the former is very large inde¢ 
For exampie, in the air that surrounds 
us the average time between tw r 
molecule is about one fiv 


] 


second, and tne average 


sions of a 
billionth of a 
time required for this same molecule to 
light after it 


means of, say, lightning or an electric 


give off is stimulated by 
spark, is around a hundred millionth of 
a second. 


In other words, these events 


take place in about the time it takes a 
rifle bullet to pt 


hundredth of the thickness of a page of 


fast netrate one on 
writing paper. 

It therefore long 
to the physicist that if complete studies 


ago became apparent 
of many natural phenomena were to be 
made it would be 
direct 

tween two events happening 
fraction of a millionth of a second. In 
other words, must be 
structed capable of 

faster than they occur in the phenomena 
under investigation. 

this purpose nature has endowed us with 


necessary to devise 
| 


methods of distinguishing be 
within a 
instruments con 
recording events 


Fortunately for 


some phenomena that take place much 
more rapidly than others, so that those 
occurring in shorter times 
ized to study those of 

or the faster moving things may be used 


] . livre 
ionger dauration, 


to measure the slower ones. 

At this time I can outline only one or 
two of the numerous methods used by 
the physicist for observing things that 
happen in these extremely short times, 
or to indicate briefly even a minute por- 
tion of the vast amount of valuable in- 
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formation both from the scientific and 
practical standpoint obtained by their 
use. An experiment any one can try is 
to look at the reflection of a light in a 
hand mirror and to rock the mirror rap- 
idly. If the light is steady, like that of 
a candle, the reflection is strung out into 
a streak. On the other hand, if the light 
is not steady, like that of the familiar 
red neon sign, a row of separate images 


appear as the sign is lighted and extin- 


guished. This results from the fact that 
as the mirror is turned the successive 
flashes of light from the sign enter the 
eye from different directions and hence 
fall at different places upon the retina. 
If, instead of looking at the reflected 
light from the turning mirror, it is al- 
lowed to enter a camera, each flash falls 
in a different position on the photo- 
graphic plate so that the photograph 
shows a row of pictures of the separate 
flashes. If then we know how fast the 
mirror is being turned we can find the 
time between the flashes. The faster the 
mirror is turned obviously the greater 
the distances between the images on the 
retina or the pictures on the photo- 
graphic plate. This device of the rotat- 
ing mirror is one of the simplest and 
most useful at our disposal, provided the 
mirror be spun with very great speed. 
To do this we mount the mirror, which 
is usually made of stellite, on a cone- 
shaped piece of metal called a rotor, that 
looks something like a schoolboy’s spin- 
ning top. This rotor fits into a similar 
hollow metallic cone containing open- 
ings from which jets of air at high pres- 
sure are blowing. However, the rotor is 
not blown out of the cone but floats on 
the air like a ball on a fountain jet, 
while small grooves on it conspire with 
the air jets to set it spinning. Rotors of 
this kind have been spun up to a half 
million revolutions per minute. To 
study an electric spark, for instance, the 
light of the spark is thrown into a cam- 
era by the spinning mirror or we may 


wateh it in th 
can make the 
so fast that t 
hundred milli 
appear as sepa 
rotating mirro 
tric spark star 


e mirror by the eye 
image of the spark 
wo views of it 
onth of a second 
rate. With the aid 
r it is found that th 
ts as a narrow thread 


expands radially; also that the diff 


colors of its light, called spectrum 
or bands by the physicist, do not 


pear simultans 
ferent times, 
atoms and m 
that from the 


trodes. 


ously but come off 
the light from t 
ecules appearing 
se of the metallic 


Light, together with the fami 


phenomena to 
electromagneti 


which it belongs 
e radiation, travels 


velocity in excess of 180,000 mi 


second. These are the fastest n 


forms of ener 


gy known to mal 


the rotating mirror just deseribed 
through a measurable angle whil: 
travels less than ten feet. As an 
of fact, the velocity of light car 


easily be demi 


ynstrated and roug 


termined, utilizing a light path 


the confines of 


an ordinary room. 


We could spin these mirrors faster 


our materials 
at higher speet 


were strong enough, 
ls the rotor would be t 


apart by the very great centrifug 


force develop 
rotors have fo 


ed. Incidentally, 
und application as : 


trifuge for separating heavy 
from light ones, as in the case 
cream separator. So great is the « 


trifugal force 
the material is 
its weight. U 


that the outward pu 
more than a million ti 
nder such conditions 


example, cream should rise from m1 


a very small fraction of a second. 


Fast as the 
are devices 
quickly. You 
with the fact t 
are crosswise, 


+ 


rotating mirror is, 
which work still 1 
are probably fan 


hat the vibrations of Lght 


like waves in a strete 


eord, not forward and backward 


sound waves. 


Ordinary light is 4 m1 
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vibrations in all directions, at 
propagation, 
out one 
a stretched hori- 


ingles to its line of 


tain erystals can single 
hese directions. If 
is confined between two ver- 
can 
vave along it but not a crosswise 
erystal ealled Nicol 

fter their inventor, put the light 
ives, so to speak, between guides. If 
» send a beam of light upon two such 

erossed at right angles no light 


ome through, although each prism 


rope 
oa 


guides you send an up-and 


Our devices, 


itself seems transparent. 
‘we put certain transparent liquids, 
as water or carbon disulfide, in the 


path between these two crossed 
ol prisms nothing is changed, but if 
octese field is properly applied to 
light will come through. 


ealled the 


liquid, This 
Kerr effect, 
its discoverer, and the arrange- 
in which the electric field 
<1 to the liquid is ealled a Kerr cell. 
then, this arrangement of 
r cell between the two Nicol prisms 
light shutter, because it allows light 
ass when the electric field is applied 
extinguishes or stops the light when 
ectric field is removed from the 
Kerr cell. The time required for this 
‘err effect to take place or to vanish 
he electric field is applied or re- 
ved in a liquid is very short; for ex- 
ample, in carbon disulfide it is probably 
ess than a billionth of a second. 
It is this property of the Kerr cell 
ight shutter 
stantaneously to electrical 


menon is 
is ap- 


tively, 


of responding almost in- 
control that 
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kL ++ 
makes 1b, 1n 


required 
and even 
ht. Am 


uses 18 1tS applic 


take place; 
velocity of lig 


Time does 
the many other beaut 
ichtenberg figures, 
ray or Wiuson 
cloud chamber, any ol hich can record 
that ha 


as the electric or 


cathode 


OSC1 


lograph, 


events ppen in times 
than a millionth of a second 
However, in closing, it may be of 

est again briefly to call your attent 


to the difficulty 


mucn 


shorter 


ion 
of conceiving of such 
short times as a millionth of a second 
For example, an 
mile a minute would 


automobile running a 


1 
move about a thou- 


sandth of an inch in this time, while a 
less than 


fast airplane could travel 


tenth of an inch. Yet 
nave at our ec 


+ 4 + 


difficult as it is to 


imagine, we and 
different 
events that 
than a 
or, in other words, we 


how mm 


recording 


7. },] 
nsiderably less 


several methods of 
happen in e 


hundred-millionth of a second; 


now have meth 


ods of measuring a millionth of a second 
with as much precision as we ¢: 
sure a minute with the best 


or ten minutes with an ordinary 


a+ 
stop watch 


watch 


SLEEP 


By Dr. S. W. RANSON 


PROFESSOR OF NEUROLOGY AND DIRECTOR OF THE 
NORTH WESTERN 


Way do you spend about eight hours 
day or one third of your time in sleep 
when there are so many interesting 


one gets adequate rest one 


INSTITUTE OF NET 
UNIVERSITY 


ROLOGY, 


things to do for which 5 an find no 


time? The obvious answer that unless 


soon becomes 
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exhausted and life not worth living 


justifies this use of time, but it does not 
explain how and why sleep comes. What 


makes consciousness disappear, the mus- 
cles relax, the heart rate decrease and 
the whole organism, body as well as 
brain, begin to repair the damage sus- 
tained during the preceding day and to 
lay up new stores of energy for the mor- 
row? Think about this some wakeful 
night when you lie with muscles tense 
and thoughts whirling in uncontrollable 
eddies through the long hours that the 
much-needed rest escapes you. I doubt 
if you will find the answer, for the prob- 
lem still puzzles the scientists who have 
given most thought to its solution. 
Many theories have been advanced, 
but they are all unsatisfactory. I shall 
mention only two of them. It has been 
supposed that during activity fatigue 
substances are produced and accumulate 
in the blood and that these have a nar- 
eotic action on the brain. The accumu- 
lation of these substances would thus 
periodically induce sleep, during which 
they would be excreted from the body, 
thus allowing for the return of the wak- 
ing state. But against this theory are 
the facts that sleep, as in an afternoon 
nap, may come when there is little 
fatigue, that extreme nervous fatigue 
often leads to insomnia, and that normal 
sleep, unlike ether narcosis, is easily in- 
terrupted by noise or other disturbances. 
Yet it is a matter of common observa- 
tion that sleep ordinarily comes easily to 
one who is physically fatigued. A sol- 
dier after a long march finds it difficult 
to remain awake on the eve of battle. In 
laboratory tests it has been found that 
after two or three days of continuous 
wakefulness the tendency to sleep is al- 
most irresistible and if the subject of the 
experiment is allowed to sit quietly in a 
chair he will drop off at once. Yet if 
kept awake by frequent prodding he is 
mentally alert and capable of solving 
problems in a normal manner. It is cer- 
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tain that under normal conditi 
comes long before a state of ex 


is reached that greatly impairs effi 


The change from the waking 


explained by the gradual accu 
of waste products of activity. 
Another theory, which at on: 
ceived considerable attention, 
during sleep the conduction pat 


the nervous system are broken by 
traction of small contact points bet 


the neurones which are the cor 
units of which the nervous s) 


composed. If this occurred it wou 


nervous activity just as effect 


pulling all the plugs from a swite 


would stop all communication 
telephone system. But there 


dence that such retraction occur 


The habit of sleeping at nig 
quired early in life. 
which a mother tries to have 
acquire. Many animals, like 1 


infants, have several periods of alt 
ing wakefulness and sleep in twenty 


hours. White rats have ten suc} 


of rest, totaling, on the average, { 


hours out of every twenty-f 


greater part in the daytime. The! 


snake is a good sleeper. It a 


noon, is active for one and a hal! 
and then retires and is perfectly 


until the following noon. 


In man the habit of nocturnal! s 
seems to be definitely related to 1 
sensations 


portance of visual 


which depend chiefly on the se 
smell can afford to take naps in t! 


} } 


time and make up for lost time 
ing at night. 


1 


Dogs are active in the dayti 


sleep at night, partly because their act 
ity is guided largely by informat 


sleeping state is abrupt and can 


var 
Ove 


It is the first 


gained through their eyes and 


because their habits are adjusted t 

But K 
man has shown that if the superf 
layer of gray matter, which is know 


respond with those of men. 
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ndbrain. 
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eep 
Sis the region involved 
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encephalitis 
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ee hg sickness ky 


; ' 
which may have 
same disease. 


to modern 


which broke out 
vorld war. T] is epidemic 
in 1916, and became 
‘ope the following 
Ase appeared 


United States Sines e 


1919, the first cases were re 
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a similar cond 1 experimentally in and made to walk ab 

eats by destroying a small sharply loeal- jump from a table. But 

ized area ! his part of the brain. clined to move about 

While this wa: ‘ine done the animals’ their food nor in 

were under deep anesthesia so that them. As soon 

neither at the time of the operation nor’ they drop off to sleep agai 
afterward did they suffer pain. In mak- ways they present a striking res 
ine these lesions we have used an appa to patients with encep! alitis 
ratus which makes it possible to place We have not been able t 

the tip of a needle-like electrode at any condition of pr 

desired point in the brain. Through this eslons In other 

electrode, which is insulated, except at it now seems cert: 

the end, there is passed a very weak elec region has special 

trie current that slowly destroys 


; 


he regulation of sleep 


listance placed t} 


brain substance for a short ¢ should upset 


around the end of the needle, thus mak- of activity and make 

ing a small spherical lesion. almost continuously we do not 
When by this method we have placed more than we know why pat 

small lesions on each side of the midline similarly placed lesions are s 


furnish a me 


in the region corresponding to von But these animals 
Eeconomo’s sleep center, the eats have tack on some of the prob ems 
Slept almost continuously for days or by sleeping sickness and #Xce 
weeks following the operation They rial for studying the nati 


ean, Without much difficulty, be wakened — of sleep. 


TULAREMIA 


By Dr. EDWARD FRANCIS 


\ — | BLIk 4 I ~ 


[ assuME that by this time you all every part of the rabbit’s bod) 
know what tularemia or rabbit fever is ing the blood and muscles. ©) 
almost everybody in the United States only about one in every hundred 
does. If not, then you had better ask wild rabbits is infected, but, somet 
some housewife to tell you about it be- the disease becomes epidemic 
fore you shoot your next rabbit. It is them and then we see dead rabbit 
one of our most popular diseases in the everywhere. 
fall of the year when everybody wants The liver of an infected rabbit 
to shoot a rabbit. About one thousand ognized by the spotted appearance 
persons contracted tularemia, or rabbit surface. A million small round 
fever, in the United States during the become plainly visible on the live: 
past year from skinning or dressing wild infected rabbit on the third or 
rabbits. day of its illness, but these spots 

Well, what is tularemia anyway? It tiny to be seen on the first and 
is a disease of wild rabbits which causes’ days of illness; therefore, if a} 
their livers and spleens to become spotted shot on the first or second day ot! 
all over with a million small spots and __ the liver, although diseased, wil 
eauses the death of the rabbit. In addi- healthy. 
tion, the germs grow and multiply in Hunters who shoot and dress 
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d in dressing them. Then 


hecome covered with blood 


out 
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ev pull the livers and 


It D\ chance there 1s an 
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he rabbit’s blood or 
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hands, infection 


liver 
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mans hand 


rabbit 


ind on the 


tularemia or revel 


ibbit 1 the bones often he 


IS Shi 


Into small fragments Dy) 


erect 


if. in dressing a rabbit. one ot 


» fragments pierces the skin of 
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ace Sometimes the intection 


tes the normal skin of the hands 


an evident wound 


absence Ol 


in about two or 
a headache, chilliness, 
aching pains all over the body 


The } 


lever vaatient thinks he has 


fl The sore on 


The 


e armpit be 


igh and roes to bed 
hand develops into an ulcer 


ds at the elbow or in tl 
tender and painful, and 


There 


loss of weight and debility. 


enlarged, 
may develon into an abscess 
eating, 
ess lasts about three weeks and is fol 
covering 
Most 


after 


by a slow convalescence 
three months 


bad 


cases In every 


riod of two 


or 


es recover without any 


ts, but about five hun 


ed die, especially if complicated by 
lmonila 

(ne who has recovered from an attack 
uaremia need not fear a second at 

*, because then he is immune against 

Market 


vear 


men who skin and 


after 


(lisease 


ess rabbits year contract 
Therefore, if 


re is some job requiring the handling 
wild rabbits give the job to an im 


disease only onee 


ne—to some one who has had the dis 

ise onee, 

Prevention is the keynote of modern 
icine, 
ld rabbit. 
tection to hunters, market men, cooks, 


Keep your bare hands out of 


Rubber gloves afford sure 


sewives and others who must dress 
| rabbits, but remember that sharp 
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of his fish hooks for bait He caught no 
fish, but three days later he went to the 
hospital with tularemia. A farmer in 
Minnesota cut up a rabbit which he had 
found dead on his farm and fed it to 
some silver foxes which he was raising In 
a pen—expecting that some day he would 
sell the silver fox furs for some lady to 
wear around her neck. But, fifteen days 
later, the farmer was dead from tula 
remia. A farmer in Montana was sick 
He called his doctor, who drove 75 miles 
to see him. The diagnosis was a mystery 
until the farmer, pointing out of his 
window and up the slope of a hillside 
called the doctor’s attention to many 
white spots on the hillside and added 
that each white spot was a dead snow 
shoe rabbit. That farmer was the first 
ease of tularemia in Montana. Making 
a diagnosis of tularemia is like working 
a crossword puzzle; the trick is to find 
the letters which spell ‘* rabbit 

A golf champion of national reputa 
tion was wintering in Florida and was 


playing a golf match when suddenly he 
realized that his golf game was slipping 


away from him. Spying a dead rabbit 
lying on the golf course and being a bit 
superstitious he quickly pulled out his 
knife, eut off the rabbit’s left hind foot 
and seeretly slipped it into his pocket, 
expecting a change of luck. But, in the 
excitement of the quick amputation, a 
sharp fragment of rabbit bone punctured 
the golfer’s finger. That was enough, 
because two days later the golfer went 
to the hospital for a month’s illness with 
tularemia Voral: Know your rabbit, 
brother! 

['p to this point I have spoken only of 
wild rabbits, but there are ten other 
kinds of American wild life that have 
given tularemia to people. I will name 
them: Wood-ticks, horse-flies, tree squir 
rels, quail, sage hens, opossums, vround 
hogs, muskrats, skunks and coyotes 

Wood-ticks of Montana and the sur- 
rounding states become infected by bit 


ing wild rabbits. They the 
infection to man by biting 
his clothing Dog-ticks in 
southern states not Oni bit 
they bite rabbits and then 
vey the infection to peop 
bite. Ticks are notorious 
itv to transmit disease beca 
habit of imbibing at every bar 
to, and when the list 
places includes both rabbit 
the man goes to the ho 
sucking flies in Utah and 
ing states bite horses and « 
also bite rabbits and man, 
ing the infection from rabbits t 
Quail live on the ground ai 


] 


soclate with rabbits and becon 
by ticks, which first bite the 
then bite the quail During 
season man shoots the qua 
dressing them he becomes 
through his hands just as he 
he dresses a rabbit sace-! 
quail, live on the ground in el 
to rabbits, and therefore they 
ticks with the rabbits This n 
the sage-hens to become int 
then they transmit the infectior 
people in Montana who dress 1 
The red squirrel, the gray sq 
the black squirrel have caused 
in people who dressed them 
in some sections of the cou 
skinned and dressed for food 
happen to be infected wit! 
they pass the infection on to 1 
who dresses them, just as an 
rabbit does. Ground-hoes and 
may come together in the sam: 
the ground. If infection sho 
from the rabbit to the ground-! 
the boy who skins the ground-ho 
fur becomes infected through | 
Muskrats are skinned for their 
are eaten in large numbers 
cuise of marsh rabbit. If infec 
transmit tularemia to the one 
them. Skunks are skinned for 1 
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have tularemia they pass Canada 1 
person who skins them 

the in 
ic] they eal Man be 


tularemia from 


when SKINNING an 


inlimais are rabbit ea rs 
eat an Intected rabbit 

an ne inteet 
mout and about 
people whon 


contracted tula 
cat. skunk, CON 
urrel, opossm 
‘atehed 
by 


another was seratched 


nal 


County vher 
| States and 1910 1)’ Ir { 


ian cases have been reco@nized i 


+ 
six states of the United 


District of Columbia The 
‘h have not recognized cases 

ermont and Connecticut 

was reported in Japan in 


in 1928, in Norway in 


il 





COMPARATIVE VALUES OF AMERICAN 
MAMMALS, 1726 AND 1753 


By LEILA G. FORBES and HUGH UPHAM CLARK 


'GTON, D 


Tue sharp rise in the prices of our In the proceedings of F 
natural products and of imported com- oth, 1726, we find (p. 394 


modities between the years 1726 and 


1753 is well brought out by an interest of the Treaty 
faithfully Interpret 
While the A 
diately after the Article 1 
setts-Bay in New England which is now Indians by their Speaker Lo 


ing official document from the early rece- 
ords of the Province of the Massachu- 


In our custody. Lieut. Governour hat 
7 , 7 rhe ’S yf Oot ia) 
Chis document. viven in full herewith. Prices of G ls wou 
| , heation was over 
shows the increase in value of the more 1 
1e 


Lieut. Gover 
important native mammals, and also of they might be 

the more important articles of trade. were, and still 

Money, and that 

make any new Advance o1 

: pai : nee : a Proof of it, they wou 
The rreaty at Casco in 1726 referred and find that the Governn 


We have given the latter in order that 
they may be compared with the former. 


to was the Conference between Lieu- them Cheaper than any 
ever, That thev are Acqua 
ture of Markets, that they 
and sometimes lower. 

and others, and the Eastern Indians, Dies in Salt, 

held from July 16 to August 11, 1726. preters had finished, 


¢ 


tenant-Governor William Dummer of 
the Massachusetts-Bay in New England 


motion, and 
that it had 


Pe ace which 


The proceedings of this conference are 
printed in full in the Collections of the 
Maine Historical Society, Portland, 
Maine, Vol. 3, 1853, pp 377—405. 

The conference was for the purpose of 
ratifying the treaty of peace drawn up 
at Boston in the preceding winter. This 
treaty, ‘Dated at the Couneil-Chamber 
in Boston in New-England, December 
15, 1725,’’ was printed by Samuel Pen- granted them t 
hallow in his ‘‘History of the Wars of “PP@rent Satisfaction of 


Articles being Interpr 
Eno 1 with » Bastern 5 
New-England with the Eastern In tat Geena osiead 


dians,’’ ete., Boston, 1726. In it we thoroughly understood the 

read (p. 124) ‘‘That all Trade and Indians. We perfectly w 
Commerce which may hereafter be al- The document bears on tl 
lowed betwixt the English and the In- annotation 

dians shall be under such management 

and Regulation, as the Government of ‘Publick Papers 
the Massachusetts Province shall di- Indian Affairs 


rect.’’ 726 .1753”’ 
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BUST OF PROFESSOR ALBERT EINSTEIN 
EXECUTED BY JACOB EPSTEIN, PRESENTED TO THE HEBREW UNIVERSITY BY HIRAM |) 


New York City, ON THE OCCASION OF THE DEDICATION OF THE EINSTEIN INS1 
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THE EINSTEIN INSTITUTE OF PHYSICS AT JERUSALEM 
4 a long pi 1 of mo ains of MM 
nd its way CO **the round = the 
MmarKat 
the first selentifie add barre! 
be delivered 
nfant Hebrey 
dedication by 
as not to take pli 
\pril. Crowds 
from tne 
es in order to st 
test scholars 
\lbert Einsten 
ars wert 
ire on pliysics 
on with the visit 
n, well-known pl 
e Utrecht | 
was definite \ 
Institute « 
University, 
lieated as the E ( it elsewhere 
sicS In the prese » Ol Istin matic 


ad group of governmenta 


staff and student body 
University and visitors fron favorabl 
ca and abroad the spectrosco 
bust of Dr. Einstein executed by countries have s 
American seulptor, Jacob Epstein, phere as Palestin 
presented to the institute by Hiram — ern latitudes the 
Halle, of New York City, forms one in contrast to the 
link between the great scientist free from moisture 
he university which has the honor part of the year the sky 
ing as one of its rarest possessions presents a picture of undimmed 
iginal manuscript on ‘* The Theory ance. Moreover, ther no other 
Relativity,’’ a gift of Dr. Einstein vatory in the wl of ar Ka 
Situated on a steep slope of the north The nearest on 
eastern boundary of the university Athens 
rrounds, which themselves overlook all Dr. Ornstein, who i member 
isalem, the Einstein Institute com board of governors | Hebrew 
uls probably the most historic view versity, supervise 
which any campus can boast. The construction of bu 
roams as far as the Jordan Valley the most up-t 
the deep basin of the glittering + tutes In Novembet 


ad Sea; across the intervening bow] operations commence 


the Jericho foothills. lving below the the present | 


salem range, loom the purple moun was dedicated 





ts+4 


tral portion contains two stories and a 


basement. There are also two wings of 
lecture 
bat 


and dynamo rooms, five research 


one story eacl Classrooms, 


rooms, Offices, photograph rooms, 
ters 
i basement for spectro 
An 
nouncement was made at the dedication 
that 
commenced on one of the two wings 
It that 


women, London 


laboratories and ¢ 
ScOple experiments are included. 


work has already been 


ePXeLrelses 


interesting to note Two 
Mrs. Helena Davis, of 
England, and Mrs. Dora 

Shapiro, of New York City, have made 
Each of them 
this vear has contributed funds for the 
of further Mrs. 
Shapiro and her late husband were re 


iS 
Monness 
these two wines possible. 
laboratories. 


erection 


also 


sponsible with Philip Wattenberg, 
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of New York C 


tv, for the e) 


the original building at a cos 


proximately £15,000 and for 


fund for the ent 
Construction of the secon 
he 


laboratories 


maintenance 
ing. 
the 


additional 


building will complete 
and 

extended 
The Abral 


Helena Davis Laboratory will 


be available for 


rese; 
instruction. new 
hy 
connection with further accomn 


needed for the Increased ! 
the 


Lumber 


in Division B 


Studies. 


dents 


The present equipment is m 
in keeping with the youth of th 
sity as a whole. This month 
‘first 


ninth anniversary of this 


sity of the Jewish people "e 6G 
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ICTURI 


AERIAL OF 


ND OF THE P MAY BI 


IN 
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THE FOREGROIL 


STAGE OF THE MINNIE UNTERMYER 


DAVID WOLFSOHN MEMORIAL 
Mr. 
OF 


THE REAR IS THI 


THE UNIVI IS SITUATED ON 


AT THI 


LEM. RSITY 


OLIVES. RIGHT BACK 


FOREGROUND, 


VIEW OF THE EINSTEIN 


HEBREW 
SEEN 


MEMORIAL OPEN-AIR 


UNIVERSITY ON 
rHE JORDAN VALLEY 


THEATER. 


LIBRARY, OVERLOOKING 


SCcOPUS, 
rH! 


INSTITUTE 


PART OF THE RANG 


NEWLY PLANTED FOR! 


OF PHYSICS. 
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THE ENTRANCE TO THE EINSTEIN INSTITUTE ¢ 


the scientific scholars who will has been taker 
up their work in this building on lucid words of the Bible 
edge of the desert, named for the al Har-ha-Zofim,’’ meanine 
ereatest physicist of our times tower has been erected o1 
\ new and important step in the de-  Gazing,’” Mount Scopus 
pment of science in the Near East 


THE HEAVY HYDROGEN SYMPOSIUM AT THE ST. PETERSBURG 
MEETING OF THE AMERICAN CHEMICAL SOCIETY 
On Mareh 27 at St. Petersburg, through the evap ration of lig 
orida, the members of the American = gen Thus it became apparent 
Chemical Society held a meeting to dis new and = very nportant 
ss the chemistry of the latest addition chemistry had beg 
the chemical family of elements, the The next imp 
called ‘“‘heavy hydrogen.’ E. W. Washburn 
The search for this substance was be the Bureau 
n about fifteen years ago, when Stern — collaboration 
nd Volmer and W. D. Harkins made They show 
successful attempts to find evidence 
it In 1930 Allison and his ¢o 
rkers reported results in their studies 
th the magneto-optic method, which 
inted very strongly to the presence 1n 
vdrogen compounds of an isotope of 


ivdrogen with atomie weight two At bring 


ut the same time Birge and Menzel large amount 
neluded from a study of atomic something appr 


ghts that such an isotope should Following Lewis’s den 


+ 


S 


heavy hydrogen can tl 


In 1932 Urey, Brickwedde and large number of work: 


Murphy provided final and indisputable heavy hydrogen and 


pl of of the isotope by concentrating it its chemical and phvsi 
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DR. CHAS. L. REESE 
PONT DE NEMOUR 


CHEMICAL SOCIET' 


These historical facts were reviewed its boiling point and othe 
in the opening paper of the symposium physical properties 
by Professor Urey, who also deseribed The third paper was given by P 
the work on heavy hydrogen now being’ sor H. 8S. Taylor, of Princeton | 
carried on at Columbia University. sity, and described the work wi! 
The second paper on the program was — been carried on in the chemistry 
given by Dr. Brickwedde, director of tory at that institution on vari 
the Cryogenic Laboratory of the Bu- lems regarding heavy hydrog: 


7 


reau of Standards, at which the discov laboratory was the first to 


ery of heavy hydrogen was made in’ operation a plant for the larg 


collaboration with Professor Urey. Fol- manufacture of heavy hydrog 
lowing up the initial discovery, Dr. Professor Taylor and his ¢ 
Brickwedde prepared pure heavy hy- have contributed many valuable 


drogen in the liquid form and measured connection with the theory and 
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PROFESSOR ROGE ADAMS 


+ 


separating the isotopes. They 

cularly interested in the ust 
hydrogen as a tool for investig 

the nature and rate of chemica 

tions 

is particularly useful in this respect 

ise it may be employed in reactions 
have been studied extensively 


ordinary hydrogen and the chang 


heavy hydrogen changes only the 


r of mass, leaving everything else 
nstant. The workers at Princeton 
synthesized ammonia in which 


avy hydrogen replaces ordinary hy 





THE SCIENTIFIC MONTHL 


‘he fifth paper was given by Profes 
sor Fred Allison, of the Alabama Poly 
teclinic Institute. Professor Allison has 
developed an apparatus based on the 
Inagneto-optie effect, which enables the 
detection of very small amounts of the 
different chemical elements. He has ap 
plied this to the study of heavy hydro 
ven with extremely interesting results 

In fact, he brought forward evidence 


for the existence of this substance some 


Time before Professor Urey discovered 


that it was possible to coneentrate it 
and thus prove its existence beyond any 
question of doubt. Allison has recently 
confirmed the results reported by Pro 
fessor W. M. Latimer and Dr. Herbert 
A. Young, of the University of Califor 
nia, which indicate the possibility that a 
tvpe of hydrogen exists in which the 
atom has the mass three. 

The afternoon session of the meeting 
Was devoted to papers of a more special 
ized nature, dealing with phases of the 
problem which have been studied re 
cently. A paper by the late Dr. E. W 
Washburn and Edgar R. Smith was read 
on the separation of heavy hydrogen by 
the vital processes in a growing willow 
tree 

Dr. Leigh C. Anderson, Dr. J. R. 
Bates and Dr. J. O. Halford, of the Uni 
versity of Michigan, have developed a 
means of preparing heavy hydrogen by) 
the continuous flow of water through a 
long trough in which a number of elec 
trodes are placed. They have used the 
heavy hydrogen so prepared for study 
ing a number of organic chemical reac- 
tions. 

Messrs. D. H. Rank and G. H. Flem 
ing, of the Pennsylvania State College, 
have prepared a compound of carbon 
and heavy hydrogen, so-called neopen- 
tane, which shows the great effect pro 
duced on the spectrum of the compound 
by the substitution of heavy hydrogen 
for ordinary hydrogen. Professors D. 
Rittenberg and Urey at Columbia Uni 
versity have studied the reactions be 
tween iodine and heavy hydrogen with 
important theoretical results. 


Dr. P. W. Sel 
versity, read a 
gravity of mix 


hy drogen. 


\ 
} 

wood. of 
paper 


Tures ¢0O 


Professor N. 2 Hall. 7- ( 


E. Bowden, of the University 


sin, reported that heavy hydr 


rreat tendency 


to exchange 


ordinary hydrogen in a numbs 


rials. For this 


reason, if one |] 


pound containing heavy hy: 


care must be exercised in ] 


contact with ordinary wate 


compounds containing ordit 


ven 

Dr. B. Topley 
Princeton Uniy 
the theoretical 
Dr. Topley for 
heavy hydrogen 


ysis is due not 


and Dr. H 
ersity, read 
aspects of 


ind that th 


| 

} 
rae 
Sh 


al 


KE 
t] , 


e 


will separate 


to diffusion, 


b 


tain differences between heavy 


hydrogen whie 
quantum mecha 


h affect th 


nics of the r 


a 


eact 


Dr. Ey ring’s paper pointed 


the study of water contai 


hydrogen oly es 


the nature of 


important 


this universally 


nil 


Insiv 


substanee. It indicates that 


molecules ean 
liquid. 

Besides the 
hydrogen’’ a m 


ing papers were 


rotate free \ 


symposium 
imber of 
read before 


on topies of general chemica 


Dr. M. T. Boge 
titled ‘‘ Your 


‘rt gave an 


} 


Nose Knows , 


with the chemistry of perfumes 
the industrial 
were read by Dr. C. H. Herty 


of interest to 


Produets,’’ E. 
Securities,’’ E. 
in Protective Ci 
and L. C. Stew: 


Extraction of 


Water.”’ The pleasant surroun 
St. Petersburg, together with the 


L. Smith on 
E. Ware on 
vatings’* and 
irt on ‘* The 
Bromine 


ful Florida weather, made 


one of the most enjoyable 


society has held. 


DONALD H 


nea 


“— 


W 
( 


ir 


the 


W 


AN 


corny 
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OSKAR VON MILLER 


THE news that Dr. von Miller died in’ knowledge, the sight 

Munich on April 8 at the age of seventy descent lamps and dynamos exhibi 

ght (he would have been seventy-nine Edison, of streets illuminated by 
n May 7) will be received with regret lamps, of telephones, of motors 
by scientists and engineers all over the drove machines so overwhelmed him 


rid. Although he was known chiefly on his return he organized the Mw 


is the creator of the famous Deutsches Electrical Exposition of 1882, the 


. ; ' a 

Museum he had made an international held in Germany There 

reputation for himself as a pioneer it strated the much-doubted 
trical engineering transmitting electric energ 


After graduating from the Polytech experimental line f telegraph -w 
ikum of Munich von Miller entered the stretched between Miesbach and Mu 
service of the Bavarian government. At a distance of 57 kilomet 
the Paris Electrical Exposition of 1881. Joining Emil Rat! a | 


whither he went to broaden his technical founding the German Ex 
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THE DEUTSCHES MUSEI 


von Miller designed the first central pushing a_ button 


station of Berlin and formally opened The proposal was received w 


it on September 13, 1884. The com- mation. In a year the nov 
pany later became the Allgemeine Elek Deutsches Museum of Munie] 
trizititsgesellschaft. Although he could tually in existence, housed in 
have remained with the organization he qdoned National Museum. lh 
preferred to open his own offices in building, which was erected o1 
Munich. <As the technical director of in the Isar and which was cere) 
the Frankfurt Exposition of 1891 he opened in 1925, some 60,000 
boldly demonstrated the practicability  gejentifie and technical interest 
of transmitting alternating current a played. Over a million visitors : 
distance of 180 kilometers at 25,000) walk about ten miles throue!l 


volts between Lauffen and Frankfurt — pjpits operating those that hav 


ty» ‘ ) rse >» *« 1a ris . ° 
from a 300-horsepower hydraulic plant. parts and studying the dioran 


His success created an international paintings. To this imposing st 


technical sensation and established his \o) Miller added a Studienbau 


“e ation. Thereafter he wi ‘hoi . 1: 
reputation Thereafter he is much in nical library, with lecture halls 


lemand as a consulting engineer in de ' 
- id as couse jes Although the Conservatoire 


ve ing » water wer of hi ative Ne ‘ 
a one itel _ el : we nat et Métiers of Paris and the ~ 
savaria and expanding the electrica ig 
‘ seum of South Kensingtor 

older than the Deutsches Muss 


ean be no doubt that von Mille: 


network of the old empire. He must 
be numbered among the daring tech 
nical pioneers in practically applying er 
a nt tionized museum practise. So 

It was in 1903 that von Miller laid could he abandoned glass cases 
before the representatives of German dants pape to be not watehd =" 
industry the plan of a museum which rhe Tee was handle “ap 
was not only to preserve the master anything within reason, and i 
pieces of engineering and science, but impracticable, as in the case 
to teach technology with the aid of Move, he was to summon 
sectioned models that could be thrown guard to assist him. Instead 01 
into operation by any visitor merely by house of historic relics the D 
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the 
may be 


s an institution where rud 


science and technology 


by anv intelligent vi 


+7" 


as so dramatically effec 


hnical museums soon followed 


HAZARDS TO AIRCRAFT DUE 


20US suggestions, including 


s fanciful ideas, have been pre 


notices or otherwise, to 


in press 


vreat electrical 


by means ol 


es the destruction or injury which 


s occurred from time to time of huge 
rships and other types of aircraft ex 
. to thunderstorm conditions. In 
secure a fair appraisal by ex 
the merits of such suggestions 
ascertain if further investigations 


the National 


Aeronauties, 


advisable, Advisory 


upon the 


ittee Tor 


t of one of the federal agencies 


nsible for the operation of airships, 
nted a special committee to con 
er and report upon the general ques 
hazards to aircraft, both airships 
airplanes, due to electrical phe 
mena 
This committee was composed of the 
members: Dr. L. J. 
reau of Standards; Commander Gar 
nd Fulton (C.C.) U.S. N.: Dr. W. J 
Humphreys, Weather Bureau; Dr. J. C 
Massachusetts Institute of 
Dr. F. B. Silsbee, Bureau 
Standards; Professor John B. White- 
ead, The Johns Hopkins University ; 
Mr. G. W National Advisory 
mmittee for Aeronauties 
nd Dr. Charles F. Marvin, U. S 


Weather Bureau, chairman. 


Briges, 


Owlng 


Hunsaker, 


le +} nology . 


Lewis, 


CT-OTCW 


The committee profited in its study of 
problem by the assistance of Dr. M 
Peters, of the Bureau of Standards, 
ind was also guided by a prior confiden- 
tial report on the same question by a 
British authority and by reports of re 
‘ent German be 
leved the 
commit 


investigations. It is 
justified in 
the 
tee, herein briefly presented under two 
types of electrical influence. 


confidence is 


Inanimous eonelusions of 


PROGRESS OF 


TO ELECTRICAL 


SCIENCE 


Miller 


}) STS Were 


Von 


PHENOMENA 


ELE rROSTA ( \ 
AIRSH 


Alleged estimates 
sue] forees by 
from a tew oune 
airships consist 


bonded 


metalh ; 


lTramewor 


1} 
CeLIS eT 


mesh 7 
the atmosphe) 


the earth and 


processes of elect 
to separate the 
electrical charge 
if, for example, 


partially or wl 


uld ten 


wer 
structure we 
to the earth be 
attraction. 

Dr 
lomical Office, from 
the 


Simpsor ; 


macnit 


probable 


tion on a large airsl 


/ 


J , 
elu hundred DO 


the 


higher intensity th: 


that in extreme tm spheri 
field 


used in 


Cases 
might be of 
Dr 


committee 


lations, ou 


Simpson's ecaleu 
was eonvineed that the 
due to electrical attractions between 


; 
Canh Tho 


airship and the ground 
dangerous values 

The possibility or the 
high 


to the fall of positively 


accumu 
values of electrostatic charg 
charged rain 


also reviewed. <A high positive 


on the ship by falling rain is possible 


of Course, only 


of the accumulated charge 


escapes 


continuous such charges 


escape ot 
however, greatly facilitated by s 


causes, In the first place atter a short 





assuming 


provided little or none 


Th 


vera 
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time as much rain must fall away from of either an airplane or 
he airship, carrying off its charge, as This protection is based 
falls upon it. Many exposed metallic known electrical principle 
points of short radius of curvature all day cage and is more effee 
over an airship tend to dissipate any metal airplane than 
vreat accumulation of electrical charge. and fabrie are used 
Finally, the highly ionized condition of | protection is greater 
the exhaust gases from the engines of meshes of the metallic fram: 
airships in flight also dissipate electrical the wire bracing, and the si 
charges mesh of the wire netting ene 
It was concluded that the maximum gas bag. Further protection 
possible attractive forces due to rain or whenever the surface of the 
other sources of electrification were velope is a good electrica 
about of the same order of magnitude While it is possible for a direct 
as in the case of those possible by ordi- stroke to damage an airship b 
nary electrostatic induction. between meshes of the framew 
That airships in flight do become experience affords no evidence 
somewhat highly electrified is shown by occurrence of such phenome 
the cases of shock to men grasping moor- grave doubt that it oecurs as 
ing ropes. The actual magnitude of ous hazard is justified. Furt 
such charges is shown to be moderate the committee does not find 
because no such shocks have been fatal. evidence of the existence o 
All these considerations seem conelu of this character to warrant 
sively to indicate that the forces of elee of experimental stucly. 
trical attraction between aircraft and In this connection, it is 
the earth can not attain sufficient mag trailing radio antenna and cab 
nitude to be hazardous in themselves. in suspending observers ma) 
direct lightning strokes. How 
HIGH-FREQUENCY OR STEEP-W AVE- tection from such hazards is 
FRONT LIGHTNING DISCHARGES during thunderstorm conditions | 


A possible type of electrical hazard ing in the observer's cable and 


may arise from the existence in proxim- OF the use of other types of ante 
ity of an airship of very high frequency 
electrical discharges, and while actual STORM AREAS SHOULD BE .\\ 
lightning strokes are not strictly high When proper precautions ar 
frequency discharges in this sense, nev- and when _ the customary pl 
ertheless it is pointed out that the very methods inherent in bonded 1 
steep wave front which may character- ¢ace construction are utilized. 1 
ize the tumultuous rush of a violent mittee considers the probability 
stroke of lightning may itself be the that serious damage from 
origin of effects resembling those due to charges and discharges will resi 
true high frequeney discharges. The eyen though neither airplanes 


hazards due to electrical influences of ships are in much danger fro 


this character arise from relatively small pine. both must make every 
secondary sparks which may possibly ayoid thunderstorms—must - 
occur within the structure of the air- the exceedingly violent and ext 
craft itself and may puncture gas bags turbulent winds of thunderstorms 
or possibly ignite inflammable gases or cause great danger of destructio1 
other material. CHARLES F. M 

A high degree of internal protection ~ eee cet ie Bie nate 
: : : ie report in full is being pu 
from the hazards is automatically pro- echnical Note by the National Ad 
vided by the bonded metal framework mittee for Aeronautics. 





